Candida albicans agglutinin-like sequence (ALS) gene expression in an in vitro dynamic catheter adhesion model. by Jin, Dawei. & Chinese University of Hong Kong Graduate School. Division of Microbiology.
Candida albicans Agglutinin-Like Sequence 
{ALS) Gene Expression in an in vitro 
Dynamic Catheter Adhesion Model 
HN, Dawei 
A Thesis Submitted in Partial Fulfillment 








































外部直徑為1. 3毫米)的菌量分別是1. 04X104 士 7. 31X 103 (meaniS.D., range: 
2.55xl03~2.68xl04)和 4. 93X104 士 3.24X104 ( m e a n i S . D . , range: 







620-1972), 30±10 單位（mean±S.D.，range: 14�46)和 135士32 單位（mean± 













Candida albicans is a ubiquitous human commensal, residing on the surface of 
skin, mucous membrane and in the gastrointestinal tract. Normally, C. albicans does 
not cause infection in human. However, it can establish infections when host 
immunity is compromised. Catheter-related bloodstream infection (CRBSI) is one of 
them. CRBSI caused by C. albicans is established through the adhesion of C. 
albicans on the surfaces of intravenous catheters. After adhesion, C. albicans will 
continue to form biofilms that are resistant to antifungal drugs. Recently, it had been 
shown that C. albicans agglutinin-like sequence (ALS) gene family might contribute 
to the C. albicans adhesion process. The understanding of ALS gene family may 
improve our knowledge on C albicans pathogenesis. 
We still know little about the relationship between C. albicans ALS genes and 
adhesion due to lack of a suitable in vitro model to mimic the dynamic process of 
catheter-related bloodstream infection. Our study aimed at designing an in vitro 
dynamic catheter adhesion model which is suitable for studying C. albicans adhesion 
to catheters. Then, we used this model to study C albicans adherence properties on 
the surface of Fluorinated Ethylene-Propylene (FEP), and polyurethane catheters. 
Lastly, we investigated ALS1 gene expression profiles of C. albicans cells under 
different environmental conditions (e.g., planktonic cells, FEP adherent cells and 
polyurethane adherent cells). 
In this study, the in vitro dynamic catheter adhesion model was run for five times. 
The viable cell counting results showed that the numbers of C. albicans SC5314 cells 
iv 
adhered on FEP and polyurethane catheter fragments (2 cm long with the outer 
diameter of 1.3 mm) at the mid-log phase (T6) of cell growth in this model were 
1.04xl04 士 7.31xl03 (mean±S.D., range: 2.55xl03~2.68xl04) and 4.93><104 士 
3.24xl04 (meaniS.D., range: 6.25xl03~1.20xl05) respectively (Student t test, p < 
0.05). Additionally, in our study, ALS1, ALS2, ALS3 small allele, ALS3 large allele, 
ALS4, ALS5 small allele, ALS6, ALS7 and ALS9-2 were successfully detected from the 
genomic DNA of C. albicans SC5314. The quantitative reverse transcription real-time 
polymerase chain reaction assay showed the average ALS1 RNA copy numbers per 
cell in the planktonic cells, FEP adherent cells and polyurethane adherent cells at the 
mid-log phase (T6) were 1288 + 598 copies (mean±S.D., range: 620~1972), 30±10 
copies (mean+S.D., range: 14-46) and 135 + 32 copies (mean+S.D., range: 83-184) 
respectively (One-way ANOVA, overall p < 0.05). With the use ofANOVA and post 
hoc test, the results ofplanktonic cells compared with FEP, planktonic cells compared 
with polyurethane were both statistically significant. However, the results of FEP & 
polyurethane were statistically insignificant. 
It was concluded that catheter materials might affect the C. albicans adhesion on 
the surface of catheters. FEP was more resistant to C albicans adhesion than 
polyurethane. The planktonic circulating cells had significantly higher ALS1 gene 
expression level than adherent cells on the surface of catheters, indicating ALS1 may 
contribute to the C. albicans environmental fitness from circulating condition to 
adhered cells. However, the difference of FEP and polyurethane adherent cells in 
ALS1 expression was statistically insignificant, suggesting catheter material variation 
v 
may not affect C. albicans ALS1 expression of adherent cells at the mid-log phase of 
cell growth in the in vitro dynamic adhesion model. 
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1.1 Biology of C. albicans 
C. albicans is a ubiquitous human commensal, residing on the surface of skin, 
mucous membrane and in the gastrointestinal tract. Normally, C. albicans does not 
cause infection in human. However, it can establish an infection when the host's 
immunity is suspended. In such circumstances, C. albicans, as an opportunistic 
pathogen, is able to cause a range of superficial to invasive infectious diseases. 
Immunocompromised patients are more susceptible to C. albicans infection than 
those who have a healthy immune system. 
1.1.1 Taxonomy 
C. albicans is one species of genus Candida, which belongs to kingdom 
Fungi, phylum Ascomycota, class Hemiascomycetes, order Saccharomycetales, 
family Candidaceae (Hazen & Howell., 2007). C. albicans can be further classified 
into two serotypes, A and B, based on different mannan components of cell wall. 
1.1.2 Basic cell biology 
1.1.2.1 Cell cycle and phenotypic switch 
C. albicans is a diploid eukaryote, which exhibits three modes of growth in 
their cell cycle: yeast form, pseudohyphae form and true hyphae form under different 
environmental and nutrition conditions (Berman., 2006). If environmental condition 
changes, the organism is able to switch from one form to another. This process is 
called phenotypic switching (Soll., 2002). This morphogenetic variability of C. 
albicans is also linked to its pathogenicity. When host tissue is infected, C. albicans 
switches from the usual unicellular yeast-like form into an invasive, multicellular 
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filamentous form (Whiteway & Oberholzer., 2004). 
1.1.2.2 Cell wall 
The cell wall of C. albicans is a highly complex structure consisting of a 
network of polysaccharides in which a plethora of different proteins are embedded 
(Ruiz-Herrera et aL, 2006). The basic functions of cell wall are to provide protection 
against osmotic pressure as a permeability barrier and maintain the cell shape 
(Chaffm et aL, 1998, Ruiz-Herrera et aL, 2006). Importantly, cell wall o f C albicans 
plays a critical role in its interaction with host cells (Whiteway & Oberholzer., 2004), 
such as adhesion to endothelial cells ofblood vessels (Grubb et al,, 2008). 
The cell wall of C albicans is composed of approximately 80 to 90% 
carbohydrate. These can be divided into three major parts: branched polymers of 
glucose containing P-l,3 and p-l,6 linkages (P-glucan), unbranched polymers of 
P_l,4 N-acetyl-D (chitin) and polymers of mannose (mannan) covalently associated 
with proteins (glycoprotein) (Chaffm et al., 1998). Besides, cell wall also contains 
minor amounts of lipid and other cell surface proteins (Chaffm., 2008). 
Cell wall proteins (CWP) play a vital role in cell functions despite their minor 
quantity. Generally, CWP can be separated into two large groups: covalently attached 
proteins and noncovalently secreted proteins. The former one includes 
glycophosphatidylinositol (GPI)-anchored CWP that is linked to P_1, 6 glucan and 
PIR protein (Proteins with internal repeats) that is linked to P-1, 3 glucan. The latter 
one is mainly a class of proteins which do not utilize a covalent attachment for their 
retention in cell wall. They can be released into the environment and facilitate 
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interaction between pathogen and environment (Chaffin., 2008). 
1.1.3 Morphological, culture and biochemical characteristics 
When a suspected yeastlike colony is isolated from clinical specimens, 
microscopic examination for the presence of oval or budding yeast with 
pseudohyphae, blastoconidia and chlamydospores is necessary. 
C. albicans can grow readily at both 25°C and 37°C. Sabouraud dextrose agar 
(SDA) is commonly used for C. albicans culture in the clinical microbiology 
laboratory. The colony on SDA at 30°C is white to cream, and smooth (Hazen & 
Howell., 2007). C. albicans can be grown on cornmeal agar for more extensive 
observation of microscopic morphology. Upon incubation on Cornmeal-Tween 80 
agar for 48h at 30°C, C. albicans produces abundant branched pseudohyphae and 
true hyphae with blastoconidia. Thick-walled chlamydospore formation may also be 
induced (Richardson & Carlson.，2002). 
Germ tube test is useful for rapid presumptive identification of C. albicans and 
C dubliniensis, which are the only Candida species that produce germ tube. The 
organism is suspended in fetal bovine serum and suspension is incubated at 37°C for 
3 hours. Cells are then examined microscopically for the presence of germ tube. C. 
dubliniensis from C. albicans can be further distinguished by culture at 45°C since 
most C. albicans grows well at this temperature but not for C. dubliniensis (Hazen & 
Howell., 2007). 
C. albicans has biphasic growth forms, including yeast form and filamentous 
form. Yeast form of C. albicans grows preferentially at an acid environment 
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Q)H<6.5), whereas filamentous growth of C. albicans often occurs at a pH of6.5 to 
7.0 (Calderone., 2002). 
C. albicans can utilize specific carbohydrates as the sole source of carbon in 
aerobic condition. These carbohydrates include glucose, maltose, sucrose, galactose 
and xylose. The unique carbohydrate assimilation profile is helpM to identify C. 
albicans. In addition, C albicans is fermentative to glucose, maltose, galactose and 
trehalose. Carbon dioxide and alcohol are produced when carbohydrate fermentation 
tests are performed (Hazen & Howell., 2007). 
Since classical carbohydrate ultilisation tests are laborious，several commercial 
biochemical identification kits for yeast have been developed, e.g., API 20C AUX 
and API ID32C (bioMerieux, France). They contain a series of carbohydrate 
utilization reactions. C. albicans can be identified by a unique carbohydrate 
utilization profile. 
Other commercially available methods include colorimetric tests (e.g, 
fluorogenic and chromogenic agar method), direct immunological test (e.g., the 
Iatron serological Candida check kit, Iatron Lab, Inc., Japan), manual biochemical 
and enzymatic panels (e.g., RapID Yeast Plus system, Innovative Diagnostic 
Systems, USA), and automated identification system (e.g., Vitek system, bioMerieux, 
France) (Freydiere et al., 2001). 
1.1.4 Genomics 
The complete C. albicans genomes for strain SC5314 and WO-1 had been 
sequenced (Jones et aL, 2004, Braun et al., 2005, Rossignol et al., 2008). The diploid 
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genome size of C. albicans is 32Mbp. C. albicans contains eight chromosomes. 
They are Chromosome 1~7 and R. After curated annotation of C. albicans SC5314 
genome, it is evident that 6354 genes of its genome have been accurately mapped 
and described (Braun et al., 2005). The genome information of C. albicans can 
provide assistance to understand the function of particular gene or gene family of 
this pathogen (Galagan et aL, 2005). Saccharomyces cerevisiae, another yeast strain, 
phylogenetically close to C. albicans, has also been fully sequenced (Goffeau et al., 
1996). S. cerevisiae has become one ofthe major model organisms for understanding 
cellular and molecular processes in eukaryotes. The S.cerevisiae genome is 
approximately 12 Mb, organized in 16 chromosomes (Goffeau et aL, 1996). Whole 
genome comparison between pathogenic C. albicans and generally nonpathogenic S. 
cerevisiae is helpful to identify novel virulence genes that are relevant to C. albicans 
pathogenesis (Scherer., 2002). 
1.1.5 Pathogenecity 
Since C. albicans is an opportunistic pathogen, its pathogenecity is 
determined by two factors, virulence of the organism and host immune defense. C. 
albicans virulence factors include adhesins, the secretion ofhydrolytic enzymes, and 
the ability of phenotypic switching (Calderone & Cihlar., 2002). Among these 
virulence factors, adhesin is recognized as a major virulence determinant as 
adherence on mucosal surfaces of host can evade the host immunity system 
(Verstrepen & Klis., 2006). 
C. albicans may cause various types of infection to human, ranging from 
- 6 -
nsfTRODUCTION 
superficial infections of mucosa and skin to life-threatening invasive infections. 
Superficial candidiasis includes oropharyngeal candidiasis, vulvovaginal candidiasis 
and chronic mucocutaneous candidiasis (e.g., infections of skin, nail and mucous 
membranes) (Ruhnke., 2002). Both immunocompromised patients and healthy 
individuals can suffer from superficial candidiasis. 
hi contrast, invasive systemic candidiasis usually affects 
immunocompromised patients. Invasive infections can present as candidemia and / 
or deep-seated candidal infections (Kullberg & Filler., 2002). The mortality rates of 
candidemia differ depending on many factors, such as patients' underlying diseases 
and immunity. A systematic review showed that the attributable mortality associated 
with candidemia ranged from 5% to 71% (Falagas et al., 2006). 
1.2 Catheter-related bloodstream infections (CRBSI) caused by C. albicans 
1.2.1 Intravenous catheter type 
Various types of intravenous catheters are used in clinical practice (Raad et al., 
2007). They are farther divided into three subtypes based on their venous access 
sites: central venous catheter (CVC), midline venous catheter and peripheral venous 
catheter (PVC). 
There are 3 main types of CVC, tunneled, non-tunneled and 
peripherally-inserted types (Raad et al., 2007). It ends in the central vein near the 
heart. They are widely used for the administration of medication (e.g., antibiotics 
and chemotherapeutic agents), fluids and nutrition. Additionally, in intensive care 
units (ICU), CVC is also indispensable for continuous hemodynamic monitoring of 
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critically ill patients (Seifert et al., 2005). 
Midline venous catheters range in length from 3 to 6 inches. They are 
peripherally inserted into antecubital veins with the tips lying distal to central veins 
(Mermel et aL, 1995). Midline catheters are used for long-term intravenous therapy 
(5 to 28 days) and particularly suitable in elderly patients (Anderson, 2005). 
PVC is the most commonly used intravenous catheter in clinical practice 
(Mayhall., 2005). The length of PVC is less than 3 inches and it is usually inserted 
into peripheral veins of hand or forearm. PVC is usually used for the administration 
ofdrugs, fluids and blood products. 
1.2.2 Epidemiology of CRBSI caused by C. albicans 
In the United States, more than 150 million intravascular devices per year are 
used. The majority of them are PVCs. The number of CVCs used is more than 5 
million per year but still less than PVCs (Mermel et aL, 2001). The recent review 
showed that catheter-related bloodstream infections (CRBSI) had been a major type 
ofnosocomial bloodstream infections (Raad et al., 2007). 
PVC-related bloodstream infections (PVC-related BSI) have low incidence. A 
systematic review (Maki et al., 2006) found that the incidence rate of PVC-related 
BSIs is as low as 0.1%, significantly less than CVC-related BSIs. Data about the 
mortality of PVC-related BSIs are limited. One cohort study indicated that there was 
no significant difference of crude mortality between PVC- and CVC-related BSIs 
(Pujol et aL, 2007). One possible reason was that, in this study, patients receiving 
PVC and CVC were both non-ICU patients. 
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Central venous catheters are widely used in hospitals, especially in intensive 
care units (ICU). 80-90% ofCRBSI in hospital are CVC-related BSIs (Seifert et aL, 
2005). The attributable mortality of CVC-related BSIs in ICU is as high as 24.6% 
(Rosenthal et al., 2003). 
Bacteria and yeast are both the etiologic agents causing CVC-related BSIs. 
Among these, CVC-related candidemia is one of the fatal BSIs in hospitals 
(Gaggiano et al., 2008; Leroy et al., 2009). CVC had been considered as a 
significant risk factor of nosocomial candidemia, particularly in ICUs (Pfaller & 
Diekema., 2007). 
Of the various Candida species, the frequency of C. albicans causing 
candidemia varies with different geographic regions. It ranged from 37% in Brazil of 
Latin America to 70% in Norway of Northern Europe (Pfaller & Diekema., 2007). 
Although percentage of C. albicans isolation has decreased over time, C. albicans 
remains the most common species isolated from nosocomial candidemia (Pfaller & 
Diekema., 2007). 
1.2.3 Pathogenesis of intravascular catheter-related infections 
There are two main sources of C. albicans in the pathogenesis of intravascular 
catheter-related bloodstream infections: intrinsic and extrinsic routes. The intrinsic 
route refers to endogenous C. albicans seeded from a distant infection source and 
colonized on the catheter. The extrinsic route involves three major pathways. One is 
contamination of the catheter due to the poor aseptic technique. The second is 
infusate contamination. The third is migration of patient's skin flora along the 
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external surface of catheters (Bouza et al., 2002). For short-term catheters, migration 
from skin microorganisms through the cutaneous tract to the catheter tip is the most 
common route of infection (Mermel et al,, 1991). For long-term catheters, 
contamination of the catheter hub contributes substantially to intraluminal 
colonization of microorganisms (Linares et al., 1985). 
A catheter inserted through the skin is a key factor to increase the risk of 
catheter-related infections, especially when patients are immunocompromised. The 
reason is that catheter insertion allows skin commensal to invade into intravascular 
system and increase the risk of opportunistic bloodstream infections. 
1.2.4 Diagnosis of catheter-related infections 
Diagnosis of catheter-related bloodstream infections remains a great challenge. 
The diagnosis can be clinical and/or microbiological. Clinical diagnosis relies on the 
clinical manifestation of systemic and local infection of catheter. Fever, chills, local 
inflammation and phlebitis may be present. However, these findings are often of 
poor sensitivity and specificity in confirming CRBSI. (Safdar & Maki.，2002). 
Therefore, microbiological evidence should be introduced to confirm the diagnosis 
of catheter-related infections. 
Microbiological diagnostic methods for CRBSI can be attempted with or 
without catheter removal (Raad et al., 2007). Methods without catheter removal 
include paired quantitative blood cultures, differential time to positivity, CVC-drawn 
quantitative blood culture, acridine orange leucocyte cytospin (AOLC) and 
endoluminal brush. Methods requiring catheter removal include semi-quantitative 
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roll-plate catheter culture, quantitative catheter segment culture and microscopy of 
stained catheters. 
Recently, one meta-analysis on current microbiologic diagnostic methods 
(Safdar et al., 2005) showed that most of them had acceptable sensitivity and 
specificity (both > 75%) and negative predictive value (> 99%). The most accurate 
test was paired quantitative blood cultures, which had been recommended by the 
current CDC guidelines for the management of intravascular catheter-related 
infections (O'Grady et al., 2002). 
1.2.5 Prevention and control 
For effective prevention and control CRBSI, it is essential to understand the 
factors contributing to catheter-related infection (Jansen & Kohnen., 2005). 
Patient factors such as age, immunity, underlying disease are important 
contributors to CRBSI. These should be corrected ifpossible. 
Catheter materials such as the chemical composition, surface topography, 
thrombogenicity and catheter site dressings can affect the process of pathogens 
adhered to biomaterials. Hydrophilic, anti-thromobogenic and smooth material can 
reduce microbial adhesion. It was shown that polyurethane and FEP (Fluorinated 
Ethylene Propylene) had lower adherence to bacteria than polyvinylchloride and 
siliconised latex (Lopez-Lopez et al., 1991). Conversely, silicone catheter might 
increase the risk of catheter-related infection (Sherertz et aL, 1995). 
For the pathogen, the abilities of adhesion, invasion, accumulation and biofihn 




Skills of health-care workers such as proper aseptic techniques of nurses are 
important to minimise penetration by skin commensals. 
Based on these, several preventive strategies can be devised (O'Grady et al., 
2002). For example, choosing low adhesive catheter material or using 
antimicrobiayantiseptic impregnated dressings. 
1.3 Mechanism of C. albicans adhesion to catheters 
1.3.1 The definition of microbial adhesion 
Microbial adhesion refers to the binding of microorganism to various abiotic or 
biotic surfaces by means of cell adhesive molecules (Cotter & Kavanagh., 2000). 
Abiotic surfaces mainly refer to inert materials of implantable medical devices, such 
as intravascular catheters, urinary catheters, joint prostheses, hemodialysis catheters, 
heart valves and dentures (Ramage et al., 2006). Biotic surfaces refer to host tissue 
cells or other microorganism cells can be the substrate to microbial adhesion. 
1.3.2 Relationship between microbial adhesion and biofilm formation 
Biofilm is defined as a special community of microorganisms attached to a 
surface, forming three-dimensional structures containing exopolymeric matrix and 
cells that exhibit distinctive phenotypic properties (Costerton et al., 1999). 
Microorganisms inside the biofilm are resistant to environmental deleterious factors, 
such as physical shear forces, chemical damage due to extremely high or low pH 
value, antimicrobial agents (Fux et al., 2005), invasions of environmental 
bacteriophages and phagocytic amoebae, and host clearance mechanisms of 
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antibodies and phagocytes. 
Initial adhesion plays a vital role in biofilm development. There are three basic 
components involved in the biofilm development: microorganisms, glycocalyx and 
material surface. Biofilm lifestyle of Candida spp. can be classified into four steps: 
initial adhesion to surface, continuous colonization and organization of cells, biofilm 
three-dimensional structure maturation and lastly, dispersion of biofilm cells 
(Seneviratne et al., 2008). 
Among these steps, adhesion to surface is always the first step in biofilm 
formation. If the microorganisms are unable to adhere to surface, no biofilm will be 
formed. Therefore disrupting the adhesion process provides an opportunity to 
prevent subsequent colonization to host tissue and biomaterials. Investigators had 
tried various methods to reduce microbial adhesion. 
One study revealed that the secretion of C. albicans Als3p could be inhibited by 
recombinant specific antibody (Laforce-Nesbitt et al., 2008). This study indicated 
that C. albicans binded to Als3p specific antibody had significantly lower adherence 
to human epithelial and endothelial cells. 
Another approach showed that the adherence of C. albicans to host cells could 
be reduced by monoclonal antibody (MAb) (Cotter et al., 1998). In this study, HEp-2 
cells were labeled with MAb and a stearic hindrance between C. albicans and host 
cells was generated. Therefore, the contact of C. albicans and extracellular matrix 
(ECM) proteins expressed by host tissue cells was blocked by MAbs. However, both 
approaches have not been tested in biomaterials. 
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1.4 Agglutinin-like sequence (ALS) gene family of C. albicans 
C. albicans adhesion to catheter is regulated by thousands of gene families, 
such as hyphal wall protein (HWP) gene and extracellular aspartic proteinase {EAP) 
gene O^obile & Mitchell.，2006). Recently, one novel gene family, C. albicans 
Agglutinin-like sequence (ALS) gene family, is considered relevant to the regulation 
ofC. albicans adhesion process (Hoyer., 2001). 
1.4.1 Members ofALS gene family 
The agglutinin-like sequence (ALS) gene family of C. albicans encodes large 
cell-surface glycoproteins (Als proteins) that are functionally involved in the process 
of adhesion to biotic or abiotic surfaces. ALS gene family consists of eight members, 
namely ALS1, ALS2, ALS3, ALS4, ALS5, ALS6, ALS7 and ALS9 (Hoyer et al., 2008). 
ALS8 was once considered a separate member of ALS gene family (Hoyer., 2001). 
However, recent study shows ALS8 is actually originated from ALS3 (Zhao et al., 
2004). 
1.4.2 Chromosomal location ofALS genes 
ALS genes are located in three different C. albicans chromosomes. ALS1, ALS2, 
ALS4, ALS5 and ALS9 are all located in chromosome 6 (Hoyer et al., 1995, Hoyer et 
al., 1998, Hoyer & Hecht., 2001, Zhao et al., 2003). ALS3 exists in chromosome R 
(Hoyer et al., 1998). ALS6 and ALS7 are both discovered in chromosome 3 (Hoyer & 
Hecht., 2000). 
1.4.3 ALS gene organization 
All ALS genes have a common three-domain structure. Unique characteristics 
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are also present among various members. These features are detailed below. 
1.4.3.1 Three-domain structure oiALS genes 
The ALS genes share a typical three-domain structure: 5' domain, central 
tandem repeat domain and 3’ domain (Hoyer., 2001). In this three-domain structure, 
5' domains of all ALS genes are approximately 1.3 kb in length and relatively 
conserved, compared to the central tandem repeat domains and 3' domains. Central 
tandem repeat domains contain variable numbers of repeat copies of a 108-bp motif. 
3' domains of various ALS genes differ in length and sequence. They are the least 
conserved region in the three-domain structure. 
1.4.3.2 Characterization oiALS genes 
Apart from a common three-domain structure, the ALS gene family can be 
divided into three subgroups based on the copy numbers of 108-bp motifs of the 
central tandem repeat domain. One group consists of ALS1, ALS2, ALS3 and ALS4. 
The other group contains ALS5, ALS6 and ALS7. The unique one is ALS9. This 
classification has been verified by cross-hybridization experiments of tandem repeat 
sequences (Hoyer et al., 2008). 
Among the first group, ALS1 is the first ALS gene identified and analyzed from 
C. albicans genome (Hoyer et aL, 1995). ALS1 was designated because of the 
significant identity to Saccharomyces cerevisiae a-agglutinin gene (AGal), but ALS1 
contains a central tandem repeat domain that is not present in AGal (Hoyer et al., 
1995). ALS2 and ALS4 share highly conserved 3' domain that is more than 95% 
identity in sequence (Hoyer et al., 1998). ALS2 and ALS4 of C. albicans SC5314 
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contain 36 and 30 repeat copies, respectively. Copy number variation may exist in 
different C albicans strains. It indicated that ALS2 was more difficult to be 
differentiated from ALS4 than other ALS genes. ALS3, as a whole, is 81% identical in 
nucleotide sequence to ALS1 (Hoyer et aL, 1998). The 3，domain of ALS3 is less 
conserved, which is only 56% identical in nucleotide sequence with ALS1. (Hoyer., 
2001). 
Among the second group, ALS5, originally described as ALA1 gene 
(Agglutinin-Like Adhesin) (Gaur & Klotz.，1997). The 5' domain ofALS5 is 90% 
identical to ALS1 and 84% identical to ALS3. The 3, domain ofALS5 and ALS6 share 
approximately 93% identity in nucleotide sequence (Hoyer & Hecht., 2000). 
Merestingly, it had been noted that some C. albicans strains, including clinical 
isolates, do not contain ALS5 in their genome, suggesting strain-variation of ALS5 
exists in C. albicans (Hoyer & Hecht., 2001). ALS6, as a whole, is less like other 
ALS genes except ALS7 (Hoyer & Hecht., 2000). The 5' domain of ALS6, a 
reasonably conserved region across the ALS gene family, is approximately 65% 
identical to that of other ALS genes. This percentage score is significantly lower than 
others. ALS7, as a whole, is the least similar to other ALS genes (Hoyer & Hecht., 
2000). One characteristic of 3' domain of ALS7 is that it contains VASES repeat 
regions and several internal unique internal 15-nt tandem repeat sequences (Hoyer & 
Hecht., 2000). The VASES region is designated because it can encode the amino acid 
sequence Val-Ala-Ser-Glu(E)-Ser (VASES) (Zhang et al., 2003). 
ALS9, unlike other members of ALS family, is the first ALS gene discovered 
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from released data of C. albicans genome sequencing project (Jones et al., 2004). 
Sequences are only 89% identical within the 5’ domain of ALS9 alleles, which is 
even lower than the similarity oiALSl and ALS5 (Hoyer & Hecht.，2001). The 3’ 
domain includes some sequences of the Variable Block regions (VB), which is 
divergent in ALS9-1 and ALS9-2 alleles. ALS9-2 contains two extra regions 
designated as Variable Block 1 (VB1) and Variable Block 2 (VB2). ALS9-1 and 
ALS9-2 can both exist in the same C. albicans strain, or each by itself (Zhao et al., 
2003). 
1.4.4 ALS gene aUelic variation 
Allelic diversity is a common feature of the ALS gene family and plays an 
important role during C .albicans evolution and pathogenesis. Since C. albicans is a 
diploid eukaryote that has two homologous copies of each chromosome (Jones et al., 
2004), each ALS gene, theoretically, contains two different alleles located in two 
separate homologous chromosomes. However, some ALS genes may lose the allelic 
variation and form only one allele. Currently, ALS3, ALS5 and ALS9 had been 
identified as two different alleles in the same C. albicans strain (Oh et al., 2005,Zhao 
et al., 2003). Other ALS genes in this family remain unclear. Allelic variation may 
occur within the same strain or among the population. The central tandem repeat 
domain is the major region that contributes to the allelic variability. Understanding 
allelic diversity for the ALS gene family is important for functional analysis of 
proteins encoded by different alleles. 
1.5 Experimental models for catheter adhesion study of C. albicans 
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Two types ofadhesion models can be used: static model and dynamic model. 
1.5.1 Static adhesion model for C. albicans 
The static adhesion model uses cell culture plates that allow microorganisms in 
static state to settle on material surface or other cells. Several variables can be 
incorporated into the experimental design, including substratum, bathing fluid, 
microorganism and time (Christensen et aL, 1995). 
Physical-chemical characteristics of substratum such as chemical composition, 
physical structure, surface microtopography, surface charge and hydrophobicity can 
affect the degree of microbial adhesion (Christensen et al., 1995). Among these, the 
effects of chemical composition and surface hydrophobicity are more significant to 
microbial adhesion. Information about chemical composition ofbiomaterials is little 
known to researchers, which is mainly determined by manufacturers. Whereas, 
surface hydrophobicity of biomaterials can be verified by measuring water contact 
angle of biomaterial surfaces. Large water contact angle represents strong surface 
hydrophobicity ofbiomaterials. 
Secondly, composition of bathing fluid is also a vital variable affecting 
microbial adhesion (Christensen et al., 1995). Concentration of suspended materials 
(e.g., electrolytes, proteins and atmospheric gases) and pH value are key parameters. 
They play a role in hydrophobic and electrostatic interaction between microorganism 
cells and biomaterial surfaces. It should be emphasized that hydrophobicity of 
biomaterials immersed into bathing fluid will be changed by adsorption of proteins. 
The fluid flow variable of bathing fluid is intentionally ignored to simplify the 
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experimental design. In static model, sedimentation under the gravity force is a 
major transportation route of planktonic cells attached to surface region. 
Thirdly, microorganisms grow under limited nutrient conditions and cell 
populations (e.g., adherent cells and planktonic cells) are cultured. Microbial 
adhesion phenomenon in static model is the net effect of cell populations. 
Lastly, experimental time is short in static model due to limited nutrient 
condition. The microbial cell population will reach stationary phase then to death 
phase rapidly. Static model is only useful for early adhesion period of 
microorganisms (< 60 min) (Merritt et al., 2005). 
1.5.1.1 Advantage of static adhesion model 
Static adhesion model has three major advantages (Merritt et al., 2005). First, 
this model is simple to design. There is no special equipment needed. Second, this 
model can be used to test the initial adhesion process. It is especially suited for 
observing transition period from planktonic cells to adherent cells. Third, static 
model can be modified for high-throughput adhesion study. Various biomaterials, 
microorganisms, culture medium and incubation time can be tested in parallel. 
1.5.1.2 Limitation of static adhesion model 
The limitation of the static model is that the influences of fluid flow shearing 
forces are technically ignored. Li addition, there may be limitation of nutrients and 
an inability to generate mature biofilms. 
1.5.2 Dynamic adhesion model for C albicans 
The dynamic adhesion model can be a closed circulation system or single-way 
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model. It comprised of reactor, peristalic pump and adhesion device (Sissons et al., 
2000). 
Reactors' function is to supply the culture of planktonic microbial cells. It can 
be classified into batch and continuous culture system. Batch culture reactor is a 
1-litre flask containing defined volume of culture medium. No fresh medium 
supplied during running period. Continuous culture reactor is called, chemostat, 
which supplies fresh medium continuously. 
The flow rate of dynamic model is controlled by peristaltic pump. 
Many adhesion devices are available, such as the Robbins device, McGlohorn's 
channel-based laminar flow chamber, parallel plate flow chamber, radial "artificial 
mouth" system (Sissons et al., 2000) and the laboratory model for CVC connectors 
(Murga et al., 2001). In particular, Robbins device is used for the study of microbial 
adhesion to biomaterial disk surfaces. Radial "artificial mouth" system is used for 
dental plaque adhesion study. So far there is no satisfactory adhesion device for the 
study of microbial adhesion on the inner and outer surfaces of intravascular catheter 
fragments. 
1.5.2.1 Advantage of dynamic adhesion model 
The major advantage of the dynamic models is to introduce the variation in 
fluid flow. This leads to changes in mass transport rate and wall shear rate (Busscher 
& van der Mei., 2006). Such changes can affect the microbial behaviors on the 
surface ofbiomaterials, including adhesion and biofilm formation. 
1.5.2.2 Limitation of dynamic adhesion model 
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The dynamic adhesion model is technically more sophisticated than static 
model, which makes experimental work labour intensive and difficult to handle. The 
control of the experimental variables has to be carefully designed and handled. 
1.5.3 Quantification methods of adherent ceUs 
Adherent cells can be quantified by several methods, such as the roll-plate 
method (Maki et aL, 1977), catheter sonicationvVortexing combined with viable 
counts (Donlan et al., 2001), acridine orange direct staining ofcatheter tips (Zufferey 
et al., 1988) and ATP bioluminescence (Christensen et al., 1995). 
These methods are not without limitations. The roll-plate method only examines 
the outer surface of catheter tips. The staining method is limited to optically 
transparent biomaterials and has narrow linear range (Peeters et al,, 2008). The ATP 
bioluminescence is a sensitive biological assay, but it is flawed with the theoretical 
assumption that the quantity of ATP generated by planktonic cells is the same as 
adherent cells (Christensen et aL, 2000). 
A better quantification method for measuring adherent cells is 
sonicatio^vortexing combined with viable counts. Firstly, it has lower detection 
limits, which is particularly suitable for the assessment of initial adhesion process. 
Secondly, the integrity of adherent cell wall is preserved, unlike staining and 
bioluminescence reagents can permanently damage the cell wall, thus allowing RNA 
extraction of adherent cells for gene expression assay. It also has drawbacks. First, 
this method does not allow in situ observation of adhesion and biofilm formation. 
Second, excessive sonication procedure can potentially damage the integrity of the 
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microorganisms. 
1.5.4 ALS gene expression study in the in vitro model 
ALS gene expression in C. albicans adherence on catheter is still largely 
unknown. For this, in vitro models can be developed to facilitate the better 
understanding of ALS gene expression profiling. However, so far, there is not a 
suitable model for it. Li my study, model design is one of the objectives. ALS1 is 
chosen to study mainly because of two reasons. On the one hand, ALS1 was the first 
identified ALS gene among the family and its genetic structure had been thoroughly 
studied (Hoyer et al., 1995). On the other hand, ALS1 expression profiling had been 
partially revealed in the static adhesion model (Yeater et al., 2007). These known 
data can be compared with ours in newly designed dynamic model. Otherwise, 
limited information can be provided if other ALS genes are detected. 
1.6 Aim of study 
Our study will focus on C. albicans ALS gene expression in an in vitro dynamic 
model. It aimed at 
(i) designing an in vitro dynamic model which is suitable for studying C. 
albicans adhesion to catheters; 
(ii) studying C. albicans adherence properties on the surface of different 
catheters, FEP and polyurethane catheter; 
(iii) assessing ALS1 gene expression profiling of C. albicans cells under 
different environmental conditions (e.g., planktonic cells, FEP adherent cells and 
polyurethane adherent cells) in this in vitro dynamic adhesion model; 
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(iv) verifying the hypothesis that ALS1 expression increases during adhesion 
process. 
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2.1 Strains used in this study 
Candida albicans SC5314 (ATCC number: MYA-2876) was used as standard 
strain to study C albicans adherence and its ALS1 gene expression. 
C albicans SC5314 standard strain was thawed from - 80°C freezer and 
cultured on Sabouraud dextrose agar (SDA) (Oxoid, UK) at 30°C for 48 hours. One 
colony was picked up and subcultured on SDA again. Isolated colonies on the 
second SDA were used for C. albicans identity confirmation. 
According to the yeast identification method established by Koehler et al 
(Koehler et al., 1999), presumptive C albicans SC5314 strain was investigated 
based on the colony color on CHROMagar Candida (CMA; CHROMagar Company, 
Paris, France) combined with the morphology appearance on Cornmeal-Tween 80 
agar (CTA). One half of single colony from the second SDA was cultured on CMA 
and incubated at 37°C for 48 hours. The colony color of presumptive C. albicans 
was apple green. The other half of the single colony from the second SDA was 
inoculated on CTA using Dalmau method, l-cm-long cut was made on CTA surface. 
Then colony was streaked across the cut perpendicularly using the sterilized 
inoculation loop. A flamed cover slip was placed onto the agar surface covering the 
cut. CTA plate was incubated at 30°C for 48 hours then examined under light 
microscope. The morphologic features of presumptive C. albicans were presence of 
hyphae, abundant pseudohyphae, clusters of blastoconidia and typical thick-walled 
chlamydoconidia at the terminal ofhyphae. 
According to the colony color on CMA and morphology features on CTA, the 
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identity of presumptive C. albicans strain used in this study was confirmed. 
2.2 Design of an in vitro dynamic adhesion model for C, albicans 
The in vitro dynamic adhesion model was designed as a closed circulation 
model. The components of this model included a one-liter standard flask with two 
openings, a rubble stopper with one hole, a single-channel peristaltic pump and a 
50-cm-long glass tube with 12-mm outer diameter. These components were 
connected by 12-mm-diameter silicone tubings. The connections were sealed with 
silicone gel to prevent possible leakage. The schematic diagram was shown in 
Figurel and the photo was shown in Figure2. Prior to the experiment, the whole 
model was autoclaved under the steam pressure of 103.4kPa at 121°C for 20 min. It 
was maintained inside 37°C incubation room when experiments were performed. 
The characteristics ofmajor components were as follows. 
2.2.1 Flask 
The one-liter flask was used as a container of fresh sterile culture medium. 
Yeast peptone dextrose broth (YPD broth; Sigma, USA) was used to culture for C. 
albicans. Flask was set on a magnetic stirrer with the rotation speed of 250 rpm in 
order to consistently shake the culture medium. A 5-mm-diameter hole was drilled 
into a rubber stopper that fitted tightly into the top of flask. An 8-cm-long, 
5-mm-diameter tiny glass tube passed through the hole. Two ends of this tiny glass 
tube were both connected with the silicone tubings. 
2.2.2 Peristaltic pump 
Peristaltic pump (Thermo Scientific, USA) was used to control flow rate to 
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simulate the human intravascular circulation system. The flow fluid rate was set at 
90 ml / min, which was the average flow rate of venous blood in human circulation 
system. 
2.2.3 Glass tube and vascular catheters 
In this study, FEP (Fluorinated Ethylene Propylene, Becton, Dickinson & 
Company, USA) and polyurethane catheters (B. Braun Medical Inc., USA) were 
arranged in series on a 50-cm-long steel wire. The catheter fragments were 2 cm 
long with the outer diameter of 1.3 mm. Two catheter fragments from each material 
were used in 1 experimental run. The schematic diagram was shown in Figure 1. 
These catheter fragments were denoted F1, P2, F3 and P4 according to the position 
in the glass tube. The steel wire was then passed into the glass tube. 
2.2.4 Sterility check of in vitro dynamic adhesion model 
To check for possible contamination ofthis model, C. albicans SC5314 samples 
were aseptically collected from the flask four hourly. Cell suspensions were 
inoculated separately into SDA and CMA, then incubated for 48 hours at 30°C and 
37°C, respectively. Samples from six time points (4h, 8h, 12h, 16h, 20h and 24h) 
were taken. 
2.3 Construction of C. albicans growth curve 
One colony of freshly prepared C. albicans SC5314 was inoculated into 20 ml 
of YPD broth (Sigma, USA) and incubated overnight at 37°C with gentle shaking 
(250 rpm). In the next day, 1 ml of overnight culture was transferred into a clean 
1.5-ml microcentrifuge tube. This tube was centrifaged at 5000 x g for 10 min. The 
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supernatant was discarded and the cell pellet was washed with 1 ml Phosphate 
buffered saline (PBS, pH 7.0) twice. One millilitre of new PBS solution was added 
into cell pellet. The cell suspension was vortexed vigorously. The cell number of 
suspension was counted using cell counting chamber (hemocytometer) under the 
microscope. The cell suspension was diluted at an appropriate dilution-factor (e.g., 
1000 fold). The diluted suspension was introduced into one of the H-shaped wells by 
pipetting without overflow. The mirrored surface was just covered by adequate liquid. 
• 3 • 
The cells were counted in each of 16 squares (0.2 mm each) using the low power 
microscope. If fewer than 200 or more than 500 cells were present in the 16 squares, 
a more suitable dilution factor was needed. The criteria were set in order to avoid the 
calculation error. For cells that overlap a ruling, only cells that overlap the top or 
right ruling were included. Those overlapping the bottom or left ruling were 
excluded. The number of cells per ml in the original (undiluted) culture was 
calculated as follows: Concentration of cell suspension (cells / ml) = cell counts of 
total squares x dilution factor / (16 x 0.2 x 1000). Counting was repeated twice. 
Appropriate volume of C albicans overnight culture (cell density was 
determined by hemocytometer as mentioned above) was pipetted into the flask of 
dynamic model, making the initial concentration of C. albicans cells in the flask 
1 x 105 cells / ml. The whole system was maintained at 37°C. 
One millilitre of cell suspension from the flask was picked up every hour for 16 
hours. Theses samples were diluted at an appropriate dilution factor (e.g. 104 fold) 
and viable counting was performed to calculate cell number of each time-point 
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sample. Usually, more than one dilution in a series was plated. 100 ^1 of diluted 
solution was pipetted onto SDA (Sigma, USA) plate and spreaded evenly using 
sterile glass spreader until the solution was completely absorbed into the agar 
medium. Each diluted solution was spreaded in quadruplicate. These plates were 
incubated at 30°C for 48 hours. The average colony-forming units (CFU) of the 
quadruplicate plates were calculated. Cell density of each time-point sample was 
determined as the following formula: Cell density (CFU / ml) 二 Average CFU of 
plate x dilution factor x 10. Only plates with 30-300 colonies were counted. 
A cell growth curve was plotted based on these time-point samples collected 
from five independent experiments. Each point in growth curve was the mean value 
offive independent experiments at one time point. Log phase of C. albicans growing 
in the dynamic model could then be determined. 
2.4 Measurement of C albicans adhesion to catheters 
The model was set up using C albicans SC5314 as the testing strain, 
polyurethane and FEP catheter fragments were used as the testing materials. The 
system was allowed to run until mid-log phase (determined by the growth curve). At 
this time point, catheter fragments were aseptically picked up from the steel wire and 
transferred into lml of PBS ^)H 7.0) using sterilized forceps. Individual fragments 
were gently rinsed for two seconds in PBS thrice, and then transferred into new 
1.5-ml microcentrifuge tubes containing lml of PBS solutions and sonicated for 
3min at the frequency of 37 kHz in the 4°C cool room, followed by ten-second 
gentle vortexing, which was repeated thrice. After sonication, lml of PBS solution 
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containing C. albicans adherent cells was divided into two equivalent 500-jul parts. 
One was used for viable counts to calculate adherent cell number. The other was 
centrifuged (5 min, 12000xg, 4°C) and the cell pellet was stored in - 80°C freezer 
for the subsequent RNA extraction. 
500 ^1 of PBS solution for viable counts was diluted at serial dilution factors 
(e.g., 10, 100 and 1000 fold). 100 jid of each dilution was spreaded onto SDA plate. 
Catheter fragments were removed from PBS solutions and cultured in YPD 
broth (Sigma, USA) to check whether sonication process was complete or not. 
Five independent experiments were performed using this in vitro model. 
2.5 Detection of C. albicans ALS genes 
2.5.1 DNA extraction of C. albicans 
Candida albicans strain SC5314 was cultured on an YPD agar (Sigma, USA) at 
30°C for 48 hours. Single colony was isolated and inoculated in 10 ml ofYPD broth 
(Sigma, USA). The YPD broth (Sigma, USA) was incubated at 37°C for 18 hours 
(overnight culture) with gentle shaking. Ten ml suspension of the cultured broth was 
centrifuged at 1500 x g for 5 min in a tabletop centrifuge (Eppendorf, Germany). 
The supernatant was discarded. The pellet was resuspended in 1 ml PBS ^pH 7.0) 
and washed twice in a sterile 1.5-ml microcentrifuge tube. Then suspension was 
centrifuged at 5000 x g for 5 min and the supernatant was discarded. C. albicans 
DNA was extracted as described by Brillowska-Dabrowska et al with slight 
modification (Brillowska-Dabrowska et al., 2007). The pellet was resuspended in 
500 ^1 oflysis buffer (400 mM Tris-HCl [pH 8.0], 60 mM EDTA [pH 8.0], 150 mM 
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NaCl, 1% sodium dodecyl sulfate) and vortexed vigorously for l min. Then cell 
suspension was left at room temperature for 10 min. Then, 150 jnl of potassium 
acetate (pH 4.8) was added and tubes were vortexed and centrifuged (5 min, 12000 x 
g, 4°C). The supernatant was transferred to a new tube. An equal volume of 
isopropyl alcohol was added into it. The mixture was kept at -20°C for three hours. 
Then, the tube was centrifuged (5 min, 12000xg, 4°C) and the supernatant was 
discarded. The DNA pellet was washed in 70% ethanol and dried out in room 
temperature overnight. The dried DNA pellet was dissolved in 50 jnl of sterile 
double-distilled water. DNA concentration was determined by NanoDrop ND-1000 
spectrophotometer (Thermo Fisher Scientific, USA). C. albicans DNA concentration 
was adjusted into approximately 100 ng / ^1 and aliquot solutions were produced for 
further PCR application. 
2.5.2 ALS primers design 
All ALS gene primers were designed manually except ALS2 and ALS4. Firstly, 
the accession numbers of ALS genes of C. albicans SC5314 strain were searched 
from GenBank database ofNCBI fNational Center for Biotechnology Information). 
These accession numbers were XM_712984 for ALS1, AY223551 for ALS3 small 
allele, AY227439 for ALS5 small allele, XM_710986 for ALS6, XM_710972 for 
ALS7, AY269422 for ALS9-2. Since these primers were used for complete 
amplification of ALS coding regions, the forward primers were designed from the 
beginning of gene coding sequences, while the reverse primers were designed from 
the end. These primers were listed in Table 1. 
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We failed to design ALS2 and ALS4 primers according to these criteria. There 
were multiple cross-binding bands in gel pictures (data not shown). It was 
unavailable due to the following two reasons: the extreme complexity of tandomly 
repeated sequences inside their coding sequences and the sequence similarity oftheir 
5' and 3' regions. The alternative primers for ALS2 and ALS4 were designed using 
online software Primer3plus (Untergasser et al., 2007). The forward primers were 
designed from the upstream of their 5，regions whereas the reverse primers were 
designed from the downstream of their 3, regions. Two alternative primer pairs for 
ALS2 and ALS4 were also listed in Table 1. 
2.5.3 PCR reaction 
Each reaction tube contained the following components: 20 ^1 Platinum® PCR 
SuperMix High Fidelity (Invitrogen, USA), l^il of 10-^M forward primer, l^il of 
10-jaM reverse primer and l^il 100-ng template C. albicans DNA solution. The total 
volume ofPCR reaction mixture was 23 i^l. PCR reactions were run on thermocycler 
(Applied Biosystems, USA). Double-distilled water was set as the negative controls. 
PCR conditions were as follows: 94°C of denaturation for 2 min in order to 
completely denature template and activate the enzyme, followed by 40 cycles of 
PCR reactions. The 40 cycles of reactions were performed using the following 
cycling parameters: 94°C of denaturation for 15 seconds, specific temperature of 
annealing for 30 seconds (Table 1) and 68�C of extension for 5 min. The PCR 
reaction was completed after a final extension at 68°C for 15 min. 
2.5.4 Gel electrophoresis 
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Eight microlitre of each ALS PCR product mixed with 1^1 of loading dye was 
loaded in 1.2% agarose gel. The agarose gel was prepared by dissolving 2.4 g 
agarose (UBS, USA) in 200 ml 0.5X TBE buffer. Gel electrophoresis was performed 
at 160V for four hours. The agarose gel was stained by SYBR Safe™ DNA Gel 
Stain (bivitrogen, USA) for one hour. The photo image of gel was taken under the 
GE image system (GE health-care system, USA). 
2.5.5 Purification of PCR products 
PCR products were extracted and purified from agarose gel using QIAquick 
Gel Extraction Kit (Qiagen, Germany) based on the manufacturer's instructions. 
First, DNA fragments were excised from the agarose gel with a clean, sharp 
scalpel. The gel slices were weighed in a colorless microcentrifuge tube on the 
analytical balance. Three volumes of Buffer QG were added into one volume of gel 
slice (e.g., 300 i^l ofBuffer QG was added into 100 mg ofgel). 
Second, the microcentrifuge tubes were incubated at 50°C for 10 min. The 
tubes were gently vortexed every 2 min during the incubation. When the gel slices 
were completely dissolved, the color of the mixture was yellow similar to the color 
ofthe original Buffer QG. 
Third, one gel volume of isopropanol was added into the tube and thoroughly 
mixed. The mixed solution was transferred to QIAquick spin column. Column was 
placed into a 2ml collection tube and centrifuged at 12000 x g for lmin. 
Flow-through was discarded. Then, 0.5 ml of Buffer QG was added into QIAquick 
spin column and the column was centrifuged at 12000 x g for lmin. 0.75 ml of 
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Buffer PE was added into QIAquick column and the PCR product was washed. Then, 
the column was centrifUged at 12000 x g for 1 min. The flow-through was discarded 
and the QIAquick column was centrifaged at 17900 x g for an additional 1 min. The 
column was placed in a sterile 1.5-ml microcentrifuge tube. To elute DNA, 50 ^1 of 
Buffer EB (10 mM Tris.Cl, pH 8.5) was added to the center of the QIAquick 
membrane and the column was centrifuged at 12000 x g for 1 min. 
2.6 Construction ofj^. coli plasmid containing ALS1 gene 
2.6.1 Ligation using the pGEM®-T Easy Vector 
The ligation reaction mixture was set up as described below: 5 i^l of 2X Rapid 
Ligation Buffer, l^il of pGEM®-T Easy Vector (50ng), 1^1 of T4 DNA Ligase (3 
Weiss units / ^1), 2 i^l of PCR products. Sterile deionized water was added to a final 
volume of20^1. 
The volume of PCR product in reaction mixture was determined by optimized 
molar ratio ofPCR product: vector. Molar ratios from 3:1 to 1:3 were considered to 
facilitate ligation reaction. The concentration of PCR product was estimated by the 
result of NanoDrop reading. To calculate the appropriate amount of inserted PCR 
product to include in the ligation reaction, use the following equation: 
ng of inserted PCR product 二（ ng of vector x kb size of insert / kb size of 
vector )x insert: vector molar ratio 
For example, size of ALS1 product was 3783bp, size of pGEM-T easy vector 
was 3015bp. Ifmolar ratio ofinsert: vector was 3:1, inserted^LS7 product should be 
188 ng. If molar ratio of insert: vector was 1:3, inserted ALS1 product should be 
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21ng. Therefore, the range of ALS1 product mass should be between 21 and 188 ng. 
Because the concentration of purified ALS1 product was approximately 100 ng /^il, 
the volume of inserted ALS1 product should be between 0.2 and 2^1. A serial volume 
of PCR products in this range (e.g., 0.5，1, 1.5 and 2^1) could be introduced into 
ligation reaction mixture simultaneously to determine optimized volume. In my 
study, 2^il ofALSl product was introduced into ligation reaction mixture. 
The reaction solution was then mixed by pipetting. The solution was incubated 
at 160C water bath for 12 hours. 
2.6.2 Preparation of^. coli DH5a electro-competent cells 
E. coli DH5a was cultured on LB agar (Becton, Dickinson & Company, USA) 
at 37�C for 24 hours. Single isolated colony of E. coli DH5a was inoculated into 10 
ml of LB broth (Becton, Dickinson & Company, USA). The culture was incubated 
overnight at 37°C with gentle shaking (200-250 rpm). Two millilitres of overnight 
culture was inoculated into 400 ml of LB broth (Becton, Dickinson & Company, 
USA). The culture was shaken with the speed of250 rpm for 4h at 37°C till mid-log 
phase (OD6oo = 0.4-0.6). 
The culture was chilled for 20 min. During this period, the centrifuge bottles, 
centrifuge tubes, microcentrifuge tubes, double distilled water and 10% glycerol 
were set on ice. The E. coli DH5a cells were kept at or below 4°C in the following 
steps. First, the chilled culture was transferred to the centrifuge bottles (200 ml per 
bottles). The bottles were centrifuged at 3400 x g (4201 rpm) at 4 � C for 15 min 
(Allegra X-22R Centrifuge, Beckman Coulter, USA). The supernatants were 
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discarded and cell pellets were resuspended in 10 ml of chilled double-distilled water. 
Second, the cell suspensions were transferred into 50-ml sterile centrifuge tubes. The 
volumes were adjusted to 45 ml by adding adequate chilled double-distilled water. 
The tubes were gently inverted several times. Then, the tubes were centrifuged (2800 
x g , 4°C, 10 min). The supernatants were discarded. The washing steps were 
repeated twice. A total of three washes with chilled double-distilled water were used. 
Third, cell pellets were resuspended in 5 ml of 10% glycerol as above and adequate 
chilled 10% glycerol was added to a final volume of 45 ml. Tubes were gently 
inverted several times and cells were centrifuged (2800 x g, 4°C, 10 min). The 
supernatants were discarded. Fourth, the cell pellets were resuspended in 1.5X 
volume of chilled 10% glycerol. The cell suspensions were aliquoted to 50 ^1 per 
microcentrifuge tube. The competent cells were stored at -80°C for further 
application. 
2.6.3 Clean up of DNA ligation reaction for electro-transformation 
The clean-up method of DNA ligation reaction was performed as previously 
described by Thomas et al (Thomas., 1994). First, the T4 DNA liagase in ligation 
reaction was inactivated at 65°C for 10 min. The microcentrifuge tube was chilled on 
ice for 1 min. Double distilled water was added to the total volume of 50 p,l. The 
tube was gently mixed and briefly centrifuged to let mixture solution at the bottom 
of tube. Second, 500 jil of n-butanol [n-butyalcohol, CH3(CH2)3OH] was added and 
the tube was vortexed until the aqueous phase disappeared. Then, the tube was 
centrifuged at 13000 x g for 10 min. The supernatant was discarded. The tube was 
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briefly centrifuged and the very last bit of n-butanol was removed. Third, the pellet 
was dried for 10 min using speed vacuum (Eppendorf, Germany). Pellet was 
resuspended in 10 i^l of double distilled water. For electro-transformation, 5 t^l ofthe 
DNA solution was mixed with 50 ^1 of competent cells. 
2.6.4 Electro-transformation of^. coli DH5a electro-competent ceUs 
First, sterile 0.2-cm-gap Gene Pulser curvettes (Bio-rad, USA) were chiHed and 
E. coli DH5a electro-competent cells were thawed on ice. During this period, the 
parameters of Gene-Pulser II Electroporation System (Bio-rad, USA) were set as 
follows: Voltage (25kV), Resistor (200Q), Capacitor (25jiF). Second, 2pl of purified 
DNA ligation reaction mixture was added into the thawed competent cells and mixed 
by tapping the tube. Third, the cells were transferred into the gap of the chilled 
curvettes and the cuvettes were gently tapped on bench top to get rid of air bubbles. 
Water on the outer surface of cuvettes were wiped to avoid the electric short-circuit. 
Fourth, cuvettes were placed in white plastic holder and slide holder into position. 
Pulse buttons were both pressed simultaneously and kept until tone sounds when the 
buttons were released. Fifth, the cuvettes were rinsed with lml ofLB broth (Becton, 
Dickinson & Company, USA) and the cell suspensions were transferred to a sterile 
microcentrifuge tube. Then, the microcentrifuge tubes were incubated at 37°C for 
one hour. Sixth, 100 ^1 of cell suspensions were spreaded on LB agar plates 
containing 100 mg / ml of ampicillin and incubated at 37°C for 48 hours for colony 
selection. 
2.6.5 Blue / white screening for positive transformation oiE, coli DH5a cells 
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First, LB agar plates for blue / white screening, which contained 40 mg / ml 
5-bromo-4-chloro-3-indolyl p-D-galactopyranoside (X-gal), 100 mM isopropyl 
p-D-thiogalactopyranoside (IPTG) and 100 jug / ml ampicillin，were prepared with 
the following steps. 400 mg ofX-gal was dissolved in 10 ml of dimethylformamide. 
This solution was protected from light by wrapping in aluminium foils. The X-gal 
solution was filter-sterilized and stored at -20°C in 1 ml of 40 mg / ml X-gal aliquots. 
238.3 mg of IPTG was dissolved in 10 ml of deionized water. The IPTG solution 
was filter-sterilized and stored at -20°C in 0.5 ml 100-mM IPTG aliquots. Five 
grams of ampicillin sodium salt were dissolved in 50 ml of deionized water. The 
ampicillin solution was filter-sterilized and stored at 4°C in 1 ml of 100 mg / ml 
ampicillin stock solution aliquots. 
Second, 1000 ml of LB agar (Becton, Dickinson & Company, USA) was 
autoclaved and cooled to 55°C. One millilitre of ampicillin stock solution, 2 ml of 
X-gal stock solution and 0.5 ml of IPTG stock solution were added into cooled LB 
agar and mixed together. LB agar was poured into plates and stored at 4 � C cool 
room. 
Third, colony colors of transformed E. coli DH5a cells were observed. On LB 
agar plates containing ampicillin, X-gal and IPTG, white colonies were those E. coli 
cells with ALS1 plasmid and blue colonies were those E. coli cells with no detectable 
plasmid. White colony was inoculated on a new LB agar plate with 100 ^g / ml 
ampicillin and incubated at 37�C for 24 hours. This plate was made as the master 
plate for further application. 
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2.6.6 Extraction of plasmid containing ALS1 gene 
First, single E. coli colony from a freshly prepared master plate containing 100 
^g / ml ampicillin was inoculated into 10 ml of LB broth containing 100 t^g / ml 
ampicillin and incubated at 37°C for 16 hours with vigorous shaking (250 rpm). 
Second, the E. coli DH5a cells containing ALS1 plasmid were harvested by 
centrifugation in 1.5-ml microcentrifuge tube at 8000 x g for 5 min. Then, the pellets 
were washed with 10 ml of PBS (pH 7.0) twice and centrifuged at 8000 x g for 5 
min. The supernatant was discarded. Third, plasmid of E. coli DH5a cells was 
extracted using QIAprep Spin Miniprep Kit (Qiagen, Germany) based on the 
instruction of manufacturer. Briefly, E. coli cell pellets were resuspended by 250 i^l 
of Buffer P1 in a 1.5-ml microcentrifuge tube. 250 i^l of Buffer P2 was added and 
mixed thoroughly by inverting the tube four times. Then, 350 ^1 of Buffer N3 was 
added and mixed immediately and thoroughly. The tube was centrifuged at 13000 
rpm for 10 min. The supernatant was transferred into the QLA,prep Spin Column. The 
spin column was centrifuged at 13000 rpm for 1 min with the flow-through 
discarded. 0.5 ml Buffer PB and 0.75 ml Buffer PE was repeatedly added to wash the 
spin column at this condition. Then，the spin column was centrifoged for an 
additional 1 min to remove residual wash buffer. Lastly, the spin column was placed 
into a sterile microcentrifuge tube. 50 jd Buffer EB (10 mM Tris.Cl, pH 8.5) was 
added to the center ofthe spin column. The spin column was centrifuged at 13000 
rpm for 1 min to elute plasmid. 
2.6.7 Plasmid validation by PCR and gel electrophoresis 
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Plasmid extracted from transformed E. coli was used for the template of PCR 
reaction that could further validate the ALS1 gene existence in E. coli plasmid. 
PCR reaction tubes contained the following components: 20 jil Platinum® PCR 
SuperMix High Fidelity (Invitrogen, USA), lp,l of 10-^iM forward primer forALSl, 
1^1 of 10-^M reverse primer for ALS1 (Table 1) and lpl E. coli plasmid solution. 
The total volume of PCR reaction mixture was 23 pi. PCR reactions were run on 
thermocycler (Applied Biosystems, USA). Empty E. coli plasmid without ligation 
was set as the negative control. PCR conditions were as follows: 94°C of 
denaturation for 2 min, followed by 40 cycles of PCR reactions. The 40 cycles of 
reactions were performed using the following cycling parameters: 94°C of 
denaturation for 15 seconds, 59°C of annealing for 30 seconds and 68°C of extension 
for 5 min. The PCR reaction was completed after a final extension at 68°C for 15 
min. 
Eight microlitres of the PCR products mixed with ljid of loading dye were 
loaded in 1.2% agarose gel. The agarose gel was prepared by dissolving 2.4g agarose 
(UBS, USA) in 200 ml 0.5X TBE buffer. Gel electrophoresis was performed at 160V 
for 4 hours. The agarose gel was stained by SYBR Safe™ DNA Gel Stain 
(Invitrogen, USA) for one hour. To check the size of plasmid, the photo image of gel 
was taken under the GE image system (GE health-care system, USA). 
2.6.8 Serial dilution of plasmid solutions for ALS1 standard curve 
construction 
The number of ALS1 copies per microlitre were calculated using the following 
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formula. 
Parameters in formula: 
23 
a. NA means Avogadro's constant 6.022x10 
b. Saisi means base pair size of ALS1 gene (= 3783 according to GeneBank 
Accession XM_712984) 
c. Svector means base pair size of pGEM-T easy vector (= 3015 according to 
Promega's technical manual TM042) 
d. MDNA means the average molecular weight of one DNA molecule (二 330 Dalton, 
1 Dalton = l^NAgram= 1.66x 10"24 gram= 1.66x 10"15 ng) 
e. Cpiasmid means the concentration of plasmid containing ALS1 gene 
f. Vpiasmid means volume ofplasmid elution containing ALS1 gene 
Since one plasmid molecule containing one ALS1 gene, the formula is as 
follows: 
Copies of ALS1 gene = number of plasmid molecules = 
Cplasmid (ng/^ ll) x Vplasmid (^ 1) 
(Salsl + SVector)x MDNA(ng) X 2 
12 
The volume ofthe purified plasmid standards are adjusted to 10 copies per 
12 
microlitre. This stock solution is serially diluted to obtain a standard series from 10 
to 10 copies per microliter with each step differing by 10 fold. 
2.7 C. albicansALSl gene expression in dynamic adhesion model 
2.7.1 Design of real-time PCR primers specific for C. albicans ALS1 
The web-based ProbeFinder software (Roche Applied Science, Switzerland) 
was used to perform a fast and easy design of real-time PCR assays for C. albicans 
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ALSL An optimal combination of a Universal ProbeLibrary probe and a 
gene-specific primer set was selected. First, sequences of C. albicans ALS gene 
family (XM_712984 ofALSl, XM_707016 ofALS2, AY223551 ofALS3 small allele, 
AY223552 of ALS3 large allele, XM_705333 of ALS4, AY227439 of ALS5 small 
allele, XM_710986 ofALS6, XM_710972 ofALS7 and AY269422 ofALS9-2) were 
entered and pasted. Differentiating assay mode was chosen to find the specific 
primers and probe sets for ALSL Here, differentiating assay mode meant the primers 
and probe sets searched was not located in the common sequence area of ALS gene 
family, but in the unique sequence area of ALS1 gene. The advantage of this mode 
was to better choose primers specific for ALS1 gene and to exclude the possible 
cross binding with other ALS gene members. 
Other default parameters (e.g. Tm, GC% and primer length) were performed as 
the software's instructions. Then, the ProbeFinder was run and the primers and probe 
sets that had the highest score were chosen. ALS1 real-time forward primer (5' act 
agt gga tct gtt act ggt gga 3', start from nt3538 ofXM_712984), reverse primer (5' 
aga atg tga ttg atc att tga agc 3', start from nt3597 of XM_712984) and universal 
probe #145 (5' tgttgcca 3') were searched. The melting temperatures (Tm) of 
forward and reverse primers were both 59°C. 
2.7.2 Validation of primers specificity 
Specificity of C albicans ALS1 real-time primer set was validated using 
QIAGEN HotStarTaq Plus PCR kit (QIAGEN, Germany). PCR products amplified 
from the complete coding sequences of C albicans ALS genes (ALS1, ALS2, ALS3 
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small allele, ALS3 large allele, ALS4, ALS5 small allele, ALS6, ALS7 and ALS9-2) 
were used for templates to check ALS1 real-time primer specificity. 
10X PCR buffer, dNTP mix, 10 jnM primer solution and 25 mM MgCl2 were 
thawed on ice. The master mix was prepared as the follows: 5^\ ofPCR buffer, 2.5 
^1 of 25 mM MgCl2, l^il of dNTP mix, 1 ^ 1 of ALS1 real-time forward primer, 1 ^ il of 
ALS1 real-time reverse primer and 38.5 ^1 ofPCR-grade water. Total volume was 49 
pi. The master mix was vortexed thoroughly and appropriate volumes were 
dispensed into PCR tubes. Templates (PCR products amplified from ALS genes) 
were added to the individual tubes containing the master mix. The thermal cycler 
(Applied Biosystems, USA) was programmed and the PCR conditions were as 
follows: 95°C ofdenaturation for 5 min followed by 35 cycles ofPCR reactions. The 
35 cycles ofreactions were performed using the following cycling parameters: 95°C 
of denaturation for 1 min, 60�C of annealing for 1 min and 72°C of extension for 1 
min. The PCR reaction was completed after a final extension at 72°C for 10 min. 
Five microlitres of the PCR products mixed with 1^1 of loading dye were 
loaded in 1.2% agarose gel. The agarose gel was prepared by dissolving 2.4g agarose 
(UBS, USA) in 200 ml 0.5X TBE buffer. Gel electrophoresis was performed at 100V 
for one hour. The agarose gel was stained by SYBR Safe™ DNA Gel Stain 
(Invitrogen, USA) for one hour. Then, the photo image of gel was taken under the 
GE image system (GE health-care system, USA). 
2.7.3 RNA extraction of C albicans cells adhered on catheters 
As mentioned in Chapter 2.4, the cell pellets from 500 i^l of PBS solutions 
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containing adherent cells were used for RNA extraction. Cell pellets stored in -80°C 
freezer were thawed on ice. RNA extraction of C. albicans adherent cells was 
performed as previously described by Collart et al (Collart & Oliviero., 2001). 
First, cell pellets were resuspended in 400 ^1 ofTES solution (10 mM TrisCl, 
pH 7.5, 10 mM EDTA, 0.5% SDS). 400 ^1 of acid phenol (water-saturated phenol, 
pH 5.0) was added and the suspensions were vigorously vortexed for ten seconds. 
Second, the microcentrifuge tubes were incubated at 65°C for one hour with 
occasional, brief vortexing. The tubes were placed on ice for 5 min. 
Third, the tubes were centrifuged (13000 x g, 4°C, 5 min). Aqueous phase was 
transferred to sterile 1.5-ml microcentrifuge tubes. 400 jid of acid phenol was added 
and the solutions were vortexed vigorously. The tubes were placed on ice for 5 min. 
Fourth, the tubes were centrifuged (13000 x g , 4°C, 5 min). Aqueous phase was 
transferred to a new microcentrifuge tube and 400 ^1 of chloroform was added. The 
tubes were vortexed vigorously and centrifuged (13000 x g, 4�C, 5 min). Aqueous 
phase was transferred to a new tube. 40 ^1 of3 M sodium acetate (pH 5.3) and 1 ml 
ofice-cold 100% ethanol were added for precipitation. 
Fifth, the tubes were centrifuged(13000 x g , 4°C, 5min). The supernatants were 
discarded. Then ice-cold 70% ethanol was added and the tubes were briefly vortexed 
to wash RNA pellet. 
Sixth, QIAGEN RNeasy Mini Kit (Qiagen, Germany) was used for RNA 
purification and elimination of possible DNA contamination. According to the 
manual's instruction, briefly, the sample solution was transferred into to an RNeasy 
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spin column placed in a 2 ml collection tube. The tube was centrifuged (13000 x g, 
lmin). The flow-through passed through column membrane and collected in the 2ml 
tube. Then it was discarded. Then, 350 ^1 Buffer RW1 was added to RNeasy column 
and tube was centrifoged (13000 x g, lmin). The flow-through in collection tube was 
discarded. Next, 80 i^l DNase I incubation mix (10 ^1 DNase I stock solution with 70 
p,l Buffer RDD) was directly added to RNeasy column membrane and placed on 
benchtop at room temperature for 15 min. This step was used to digest possible DNA 
contamination. After that, 350 i^l Buffer RW1 was added to column membrane for 
washing off DNase. Then, 500^il Buffer RPE was added to column for washing off 
remained buffer RWL Tube was centrifuged (13000 x g, 2min). The flow-through in 
collection tube was discarded. 
Lastly, the spin column was placed in a new 1.5 ml collection tube and 20 ^1 of 
Ultrapure distilled water (Gibco, USA) was directly added to the spin column 
membrane. Tube was centrifuged (13000 x g, lmin) to elute RNA. The RNA 
solutions were stored at -80°C for further application. 
2.7.4 Complementary DNA (cDNA) synthesis 
C. albicans RNA solutions and all frozen reagents of Roche Transcriptor First 
Strand cDNA Synthesis Kit (Roche Applied Science, Switzerland) were thawed on 
ice. cDNA of C. albicans RNA was synthesized based on the manufacturer's 
instruction. First, the template-primer mixtures were prepared by adding the 
components listed below: 10 i^l of total RNA, l^il of Anchored-oligo (dT)i8 Primer 
(50 pmol / pl), 2jLd of PCR-grade water, 4 i^l of Transcriptor Reverse Transcriptase 
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Reaction Buffer (5X concentration), 0.5 pl of Protector RNase Inhibitor (40 U / ^tl), 
2^il of Deoxynucleotide Mix (10mM), 0.5 jd of Transcriptor Reverse Transcriptase 
(20U / p,l). Totally, final volume of each reaction was 20 ^1. The components in the 
tubes were gently mixed. The tubes were centrifuged (200x g，10s) to collect the 
sample on the bottom of the tube. Second, the reaction tubes were placed in a 
thermal block cycler with a heated lid. The reaction condition was set as described 
below: 60 min at 50°C, followed by 5 min at 85°C. Third, the reaction tubes were 
placed on ice for 5 min after reaction. The synthesized first-strand cDNAs were 
stored at -80°C for further application. 
2.7.5 Quantitative real-time RT-PCR 
The cDNA solutions and reagents were thawed on ice. The master reaction 
mixture that contained all the reagents, probe and primers except template cDNA or 
plasmid standard solutions, was prepared. The volume of master mixture was 
calculated as the formula of multiplying each reaction volume by z，where z == the 
number of reactions + one. Each reaction volume was 18 i^l and the following 
components were added: 10 i^l of2X FastStart Universal Probe Master (ROX, Roche 
Applied Science, Switzerland), 0.2 t^l of 10-^M Universal ProbeLibrary Probe #145 
(Roche Applied Science, Switzerland), 0.2 i^l of forward primer specific for ALS1 
gene (90jjM), 0.2 ^1 ofreverse primer specific for ALS1 gene (90pM) and 7.4 ^1 of 
PCR-grade water. 
The master mixture was carefully mixed by pipetting it up and down. Eighteen 
^1 of master mixture was added into each well of 48-well PCR microplate. Then, 48 
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wells were divided into three parts. One part was used for unknown cDNA detection. 
The cDNA samples originated from RNA of circulating planktonic C. albicans cells, 
C albicans cells adhered to FEP and polyurethane catheter fragments. One 
microlitre of cDNA solutions was added into each well that akeady contained 
real-time PCR reagents, probe and primers. Another part was used for negative 
controls. One microlitre ofPCR-grade water was added. The third part was used for 
the construction of standard curve which could reflect the linear regression 
relationship between threshold cycle number of PCR amplification and ALS1 copy 
number. One microlitre of serially diluted plasmid solutions was added into each 
3 8 • 
well. The concentration range of serial plasmid standards was from 10 to 10 copies 
ofALSl per microlitre at 10 fold intervals. 
The PCR microplate was sealed with self-adhesive foil and put into ABI 
StepOne™ Real-time PCR system (Applied Biosystems, USA). The parameters of 
program were set as described by the user's manual: 10 min at 95°C to activate 
FastStart Taq DNA Polymerase, followed by 45 cycles of amplification (Each cycle 
contains 15 seconds at 95°C and 1 min at 60�C). When real-time PCR reactions were 
complete, ALS1 copies of cDNA samples from circulating planktonic C. albicans 
cells, C albicans cells adhered to FEP and polyurethane catheter fragments were all 
automatically calculated according to the linear regression equation of ALS1 
standard curve. 
Each cDNA Sample of C. albicans cells (T6, F1, P2, F3 and P4) from five 
independent experiments in the dynamic adhesion model was tested in duplicate by 
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quantitative real-time PCR. Mean values of these duplicate results were 
automatically calculated by Applied System StepOne software (Applied Biosystems, 
USA). 
The average copy number of C albicans ALS1 gene per cell was calculated as 
the following formula: the average copy number ofALSl gene per cell = 
ALS1 RNA copy numbers x 40 
Viable cell count of catheter x 0.5 
Here, the 40-fold was used because only 1/40 of initial RNA samples were 
involved in real-time RT-PCR. Data of ALS1 RNA copy numbers outputted from 
real-time PCR system should be multiplied by 40. These results were equal to ALS1 
RNA copies of500 i^l PBS solutions containing C. albicans cells. 
2.8 Statistical analyses 
All statistical analyses were performed using Statistical Product and Service 
Solutions 15.0 for Windows (SPSS inc., USA). Student t test was used to compare 
the number of adherent cells of C. albicans on the surface of FEP and polyurethane 
catheters. One-way ANOVA with post hoc test was used to compare the different 
copy numbers of C. albicans ALS1 gene of planktonic cells, adherent cells on FEP 
and polyurethane catheter fragments at T6 in the in vitro dynamic adhesion model. In 
both statistical analyses, p < 0.05 was considered as statistically significant. 
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3.1. Validation of the in vitro dynamic adhesion model for C. albicans 
This dynamic model continued running for 16 hours and maintained the 
satisfactory stable fluid flow rate of 90 ml / min. During the running time, there was 
no leakage around the model. Sterility check from flask revealed no growth of 
contaminant. The results showed that there was no contamination inside the model 
during the running time. 
3.2. C. albicans growth curve construction 
The growth curve was shown in Figure 3. The X-axis represented the time points 
when samples were collected. The Y-axis represented logarithmic values of the cell 
concentrations in each time point. Each point in cell growth curve represented the 
mean value of five independent experiments at one time point. The error bars 
represented the standard deviation of five independent experiments at one time point. 
The initial concentration of C. albicans was 105 cells / ml. The cell number of C. 
albicans was stable within the first hour, representing the lag phase. Then, yeast cells 
increased exponentially between lh and 12h and the cell concentrations increased 
from 105 to 108 cells / ml. The time point T6 represented the mid-log phase of C. 
albicans in the model. After 12h, the yeast cells entered the stationary phase when the 
yeast cell concentration kept 108 cells / ml. The death phase was not observed. 
3.3. Measurement of C. albicans adhesion on catheters 
Five independent experiments were performed using the in vitro dynamic 
adhesion model. At each experiment, when C. albicans cells growth reached mid-log 
phase (T6), the concentration of circulating planktonic cells, cell numbers of adherent 
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cells on FEP and polyurethane catheter fragments were measured (Table2). 
The cell number of 100^il C. albicans suspensions at mid-log phase (T6) from 5 
experiments was 5.16 x 105 士 2.05 x 105 cells (mean±S.D., range: 3.05X105�8.53 X 
105). 
C albicans adherent cells on F1, P2, F3 and P4 from 5 experiments were 
1.43xl04 士 8.37xl03 cells (mean±S.D.，range: 5.20xl03�2.68xl04), 5.20xl04 士 
4.31xl04 cells (mean±S.D., range: 6.25xl03�1.20><105), 6.55><103± 3.56xl03 cells 
(mean±S.D” range: 2.55xl03~1.03xl04) and 4.66><104± 2.21><104 cells (mean±S.D., 
range: 3.03xl04~8.53xl04), respectively. 
Raw data sets o f F l and F3 from 5 experiments followed the normal distribution 
(Levene's Test for Equality of Variances, p = 0.108), therefore, student t test was 
applied differently. F1 & F3 were statistically insignificant Op = 0.0932). 
Raw data sets of P2 and P4 from 5 experiments followed the normal distribution 
(Levene's Test for Equality of Variances, p = 0.227), therefore, student t test was 
applied differently. P2 & P4 were statistically insignificant 尔 二 0.8094). 
Then, since Fl&F3 was insignificantly different, raw data sets o fF l and F3 from 
5 experiments were statistically described together. Raw data sets of P2 and P4 were 
similarly described. Therefore, C. albicans adherent cells on FEP and polyurethane 
catheters were 1.04xl04 士 7.31><103 cells (mean±S.D.，range: 2.55xl03~2.68xl04) 
and 4.93><104 士 3.24xl04 cells (meaniS.D., range: 6.25xl03~1.20xl05), respectively 
(student t test, p = 0.0016) (Figure 4). Cells adhered to FEP catheters were 
significantly lower than those adhered to polyurethane catheters. 
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Cultures from the catheter fragments immersed into YPD broth yielded no 
growth throughout experiments, suggesting that all the adherent cells had been 
washed out from the surfaces of catheter fragments. 
3.4. Detection of C. albicans SC5314 ALS genes 
ALS1, ALS2, ALS3 small allele, ALS3 large allele, ALS4, ALS5 small allele, ALS6, 
ALS7 and ALS9-2 were amplified from the genomic DNA of C. albicans SC5314 
strain. 
The result of ALS1 detection was shown in Figure 6. Lane 1 and 4 showed 
negative results, suggesting 57°C and 60°C as annealing temperatures were not 
suitable for ALS1 detection. Lane 2 showed a weak non-specific band between 
4072bp and 5000bp, indicating 58°C as annealing temperature was also not suitable 
for ALS1 detection. Lane 3 showed a single band between 3054bp and 4072bp, 
indicating 59°C as annealing temperature was preferable for ALS1 detection. Lane 5 
was negative control and showed no reagent contamination and primers cross-binding. 
The result ofALS2 detection was shown in Figure 7. Lane 1, 2, 3, 6, 7, 8 and 10 
all showed many non-specific bands, indicating these annealing temperatures were not 
suitable for ALS2 detection. Lane 9 showed negative result, indicating the failure of 
ALS2 detection at the annealing temperature of 59°C. Lane 4 and 5 both showed 
single bands that were between 4072bp and 5000bp, indicating the annealing 
temperature of 54°C and 55°C were both suitable for ALS2 detection. Lane 11 was 
negative control and showed no reagent contamination and primers cross-binding. 
The results of ALS3 small and large allele detection were shown in Figure 8. 
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Lane 1, 2，3, 6, 7, 8 and 9 all showed negative results, indicating these annealing 
temperatures were not suitable for ALS3 detection. Lane 4 and 5 both showed double 
bands, indicating 50°C and 51°C as annealing temperatures were suitable for 
detection ofALS3 small and large alleles . The small band was approximately 3054bp 
and the large one was between 3054bp and 4072bp. Lane 10 was negative control and 
showed no reagent contamination and primers cross-binding. 
The result of ALS4 detection was shown in Figure 9. Lane 1 � 1 0 all showed 
single bands that were approximately 5000bp, indicating these annealing temperatures 
were all suitable for ALS4 detection. Lane 11 was negative control and showed no 
reagent contamination and primers cross-binding. 
The result ofALS5 small allele detection was shown in Figure 10. Lane 1 and 5 
both showed negative results, suggesting the annealing temperatures of 56°C and 
60�C were not suitable for ALS5 small allele detection. Lane 2, 3 and 4 all showed 
single bands that were between 3054bp and 4072bp, indicating these annealing 
temperatures were all suitable for ALS5 small allele detection. Lane 6 was negative 
control and showed no reagent contamination and primers cross-binding. 
The result of ALS6 detection was shown in Figure 11. Lane 1-4 all showed 
single bands that were between 3054bp and 4072bp, indicating the annealing 
temperatures of 56~59°C were all suitable for ALS6 detection. Lane 5 showed the 
negative result, suggesting 60°C was not a suitable annealing temperature for ALS6 
detection. Lane 6 was negative control and showed no reagent contamination and 
primers cross-binding. 
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The result of ALS7 detection was shown in Figure 12. Lane 1, 6，7 and 8 all 
showed negative results, suggesting the annealing temperatures of48°C? 53°C, 54°C 
and 55°C were not suitable for ALS5 small allele detection. Lane 2 and 3 both showed 
single bands that were approximately 6108bp, indicating 49�C and 50°C were both 
suitable annealing temperatures for ALS7 detection. Lane 4 and 5 showed very weak 
single bands, suggesting the PCR efficiency was low at the annealing temperatures of 
51°C and 52°C. Lane 9 was negative control and showed no reagent contamination 
and primers cross-binding. 
The result of ALS9-2 detection was shown in Figure 13. Lane 1~5 all showed 
single bands that were between 5090bp and 6108bp, indicating the annealing 
temperatures of44~48�C were suitable for ALS9-2 detection. Lane 6 and 7 were both 
negative results, indicating 49°C and 50°C were not the suitable annealing 
temperatures for ALS9-2 detection. Lane 8 was negative control and showed no 
reagent contamination and primers cross-binding. 
3.5. Validation of E. coli plasmid containing ALS1 gene 
The validation result ofE. coli plasmid containing ALS1 was shown in Figure 14. 
Single band was observed in lane 2 of plasmid containing ALS1. The PCR product 
size was between 3054bp and 4072bp. Negative result was shown in the empty 
plasmid. Both ofthem indicated th^tALSl ligation into E. coli plasmid was successfol. 
Lane 3 was negative, showing no reagent contamination and primers cross-binding in 
PCR reaction. 
3.6. C albicansALSl gene expression in dynamic adhesion model 
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3.6.1. Specificity vaUdation oiALSl real-time primers 
The specificity validation result ofALSl real-time primers was shown in Figure 
15. The single band was only observed in PCR reaction using the amplified product 
oiALSl as template. Other ALS genes were all negative results. It indicated that this 
ALS1 real-time primer was specific to ALS1. The product size corresponded to the 
75/65-bp band of PCR marker. PCR using distilled water as template was negative, 
indicating there was no reagent contamination and primer cross-binding in reactions. 
3.6.2. Quantitative real-time RT-PCR 
The data ofALSl gene expression in the in vitro dynamic adhesion model were 
listed in Table 3. 
The average ALS1 RNA copy numbers per cell in the planktonic cells at T6 was 
1288 + 598 copies (meaniS.D.，range: 620~1972). 
The average ALS1 RNA copy numbers per cell of adherent cells on F1, P2, F3 
and P4 were 32±11 copies (mean±S.D., range: 20-46), 147+28 copies (mean± 
S.D., range: 119~184), 28±10 copies (mean±S.D., range: 14-39) and 123±33 
copies (meaniS.D., range: 83-163), respectively. 
Raw ALS1 data sets of F1 and F3 from 5 experiments followed the normal 
distribution (Levene's Test for Equality of Variances, p 二 0.632), therefore, student t 
test was applied differently. F1 & F3 were statistically insignificant (p 二 0.615). 
Raw ALS1 data sets of P2 and P4 from 5 experiments followed the normal 
distribution (Levene's Test for Equality ofVariances, p = 0.686), therefore, student t 
test was applied differently. P2 & P4 were statistically insignificant (p 二 0.264). 
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Since F1 and F3 were insignificantly different, the ALS1 raw data of Fl&F3 
from 5 experiments were statistically described together. The ALS1 raw data ofP2 and 
P4 were similarly described. Average ALS1 RNA copy numbers per cell of adherent 
cells on FEP and polyurethane catheters from 5 experiments were 30 + 10 copies 
(mean±S.D., range: 14-46) and 135土32 copies (mean±S.D., range: 83-184), 
respectively. 
With the use of one-way ANOVA analysis with post hoc test (Fisher's Least 
Significant Difference (LSD) test), overally, there was significant difference of the 
average ALS1 RNA copy numbers per cell among T6, FEP and polyurethane (p 二 1."73 
X10"8). 
Multiple comparisons within the three groups using Fisher's Least Significant 
Difference (LSD) test showed that there was significant difference of average ALS1 
RNA copy numbers per cell between T6&FEP (p = 8.26 X 10"9)? as well as 
T6&polyurethane (p = 3.68X10"8). However, there was no significant difference 
between FEP&polyurethane (p == 0.369). 
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4.1 Experimental design of the in vitro dynamic adhesion model 
4.1.1 Advantages of this in vitro dynamic adhesion model 
In our study, this in vitro dynamic adhesion model was designed to detect the C. 
albicans adhesion to FEP and polyurethane catheters. This model had an advantage 
for adhesion studies. 
It could mimic the flow conditions of human intravenous environment. C. 
albicans suspensions was kept circulating inside the model during the experiment. C. 
albicans adhesion to catheters in the model can be influenced by the hemodynamic 
forces of fluid flows, which are important parameters involved into the bloodstream 
conditions of intravenous environment. The fluid flow rates in human intravenous 
systems vary, depending on the blood viscosity, radius ofveins and blood pressure. It 
is convenient for in vitro model study to set a theoretical average value offluid flow 
rate. In our study, we were interested in C. albicans adherence to peripheral venous 
catheters. Therefore, the average flow rate ofhuman peripheral venous blood (90 ml 
/ min) was tested. 
4.1.2 Limitation of this in vitro dynamic adhesion model 
Firstly, batch culture rather than continuous culture was used in this study. 
Batch culture is a large-scale closed system culture in which cells are grown in a 
fixed volume of nutrient culture medium under specific environmental conditions. 
Continuous culture is a culture of microorganisms in a liquid medium which is 
maintained under constant conditions with a constant nutrient supply so that it can 
grow steadily for an extended period of time. Theoretically, continuous culture is 
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able to maintain the log phase of microorganisms for unlimited time iffresh nutrients 
are constantly supplied. However, in batch culture, the log phase of C. albicans is 
limited because there is no fresh nutrient supplied. Our results showed that log phase 
time of C. albicans was no more than 12h in the dynamic adhesion model. C. 
albicans entered the stationary phase after 12h due to nutrient limitation. Therefore, 
the use of this dynamic adhesion model is restricted to test the microbial adherence 
to catheters before 12h. For model optimization, chemostat can be used to replace 
batch culture. In chemostat, all culture parameters remains constant (culture volume, 
dissolved oxygen concentration, nutrient and product concentrations, pH, cell density, 
etc.). Therefore, by changing the flow rate of fresh nutrients added into the flask, the 
growth rate and log phase time of C albicans can be easily controlled. Based on this 
principle, we can fix the concentration of C. albicans at 10 cells / ml and let C 
albicans stay in log phase for a much longer time in order to test the adherence of C. 
albicans on the surface ofcatheters at more time points. 
Secondly, this dynamic adhesion model cannot test the microbial adherence of 
multiple time points in a run. This drawback results from the design of adhesion 
device. The catheter fragments were arranged in series on a steel wire that was fixed 
inside the single glass tube. Both ends of this glass tube were connected with 
peristaltic pump and flask through silicone tubings. When cells growth reached 
mid-log phase, the complete model must be shut down before catheter samples were 
harvested. Therefore, adherence of one time point can be detected in an experiment 
and the use of this dynamic adhesion model is restricted. For model optimization, 
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multi-channel pump and multiple glass tubes can be used. Each glass tube can be 
independently separated without stopping the model. This way can be helpful to test 
adherence ofmultiple time points at one experiment. 
4.1.3 Catheter arrangement inside the glass tube 
FEP and polyurethane catheters were serially arranged inside the glass tube 
(Figure 1). We set two catheter fragment of each biomaterial in order to observe the 
effect of position difference on catheter adhesion. The results indicate that position 
of catheters was not a significant factor on C. albicans adhesion since there were no 
statistically significant differences of adherent cell numbers between F1 and F3 as 
well as between P2 and P4. Thus, we could compare the difference of adherent cell 
numbers in FEP and polyurethane catheters even though they were located at the 
different positions of one steel wire. Our study demonstrated that biomaterial factor 
played a significant role in C. albicans adhesion to catheter. 
Our dynamic adhesion model was modified from the Robbins device (McCoy 
et al., 1981), which was the most commonly used device ofbiofilm formation at the 
flow condition in the laboratory. The disc surfaces of different materials were 
linearly arranged inside the device following the fluid flow direction. It usually 
contained 25 identical positions which were designed to satisfy the Laminar flow 
environment. This design can help to eliminate the effect ofmicro-flow environment 
on the microbial adhesion at various positions. Our data were consistent with other 
studies (Whiteley et aL, 1997, Johnston & Jones., 1995). They both found that the 
cell numbers of adherent microorganisms were independent of the disc positions 
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within the Robbins Device in the Laminar flow environment. 
In our study, to observe the C. albicans adhesion to clinical catheter rather than 
the man-made surface disc, the Robbins device and biomaterial discs were both 
replaced by glass tube and catheter fragments, respectively. But, a fluid flow in 
parallel layers, called laminar flow, still occurred inside the glass tube. 
In fluid dynamics, Laminar flow was opposite to the turbulence flow, a chaotic 
flow environment. An equation could describe whether flow conditions led to 
laminar or turbulent flow. The dimensionless Reynolds number was a key parameter 
in the equation. It was the ratio of inertial forces to viscous forces, which quantified 
the relative importance of the two forces in describing the flow condition of given 
fluid environment. 
In the case of flow through a straight line, Reynolds numbers (Re) of less than 
2300 were considered as a laminar type, and Re of more than 4000 was a turbulent 
flow. A transition flow occurred when Re was between 2300 and 4000 (Rott., 1990). 
The formula of Re calculation is Re 二 (pQL) / (71rV). Here, parameters in the 
formula mean: 
p is the density ofthe fluid 
Q is the volumetric flow rate 
L is the length of fluid passing through the tube 
r is the radius ofthe tube 
i^ is the dynamic viscosity of the fluid 
In our model, p 二 1 X 103 kg/m3, Q = 1.5 X 10"6 m3/s, L = 0.5m, r = 6 X 10"3 m，^ 
- 6 1 -
DISCUSSION 
=0.0076 P (equal to water viscosity at 37°C) (Gmbb et al., 2009). Thus, Re 二 873 < 
2300. It means the fluid condition in our model is laminar. 
4.1.4 Reproducibility of experiments in the model 
It was very difficult to maintain the reproducibility of experiments when 5 
independent tests were performed, since this model was partially modified from the 
Robbins device according to our objectives. We summarized several key points to 
help maintaining the model reproducibility. 
First of all, the glass tube must be horizontally put on the bench to reduce the 
effect of gravity force on C. albicans adhesion. 
Secondly, four catheter fragments should be linearly set in the middle part of 
the steel wire. The length of steel wire is 50 cm and total length of catheter 
fragments is 8 cm. Thus, catheter F1 was located at the position that was 21 cm away 
from the rightmost terminal of tube, and the position of catheter P4 was 21 cm away 
from the leftmost terminal of tube. P2 and F3 were set in the interval of F1 and P4 
(Figure 1). The order and location of four catheter fragments should be strictly 
maintained during the 5 independent experiments in order to get reproducible results. 
Thirdly, cell count chamber should be used when cell concentration of 
overnight culture was determined. It is unreliable to detect the OD value of cell 
suspensions using spectrophotometer. We found that the OD value and cell 
concentration had a narrow linearity relationship. Counting cell numbers in cell 
chamber under microscope was more reliable since we could directly calculate cell 
concentration according to the dilution factors. After this, certain volume of 
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overnight culture was injected into flask and let the initial concentration of cell 
suspension be 10 cells / ml. This step was extremely important to get reproducible 
results. We try to make sure the initial concentrations of five independent tests were 
all kept 10 cells / ml. However, variance of initial concentrations among five tests 
still exsited due to pipette error, which made variance of T6 concentrations among 
five tests difficult to control. 
Fourthly, washing and sonication procedures for C. albicans adherent cells 
should be strictly followed as standard protocols. Some key parameters，such as 
washing time, operation temperature and frequency of sonication should be 
maintained among five independent tests. These parameters had already been well 
improved in preliminary experiments. Once determined, a standard protocol was 
formed and should be strictly followed. Thus, reproducible results could be 
generated. 
However, in our study, the raw data sets of F1, P2, F3 and P4 from 5 
experiments showed large variation. It indicated that C. albicans adhesion study was 
far more complicated than expected. More essential parameters during this process 
need to be found. 
4.1.5 Identification of potential contamination in the model 
Contamination might occur during the experiments. To avoid this, it is critical 
to aseptically connect all the components of model before experiments. We used 
autoclave method to disinfect the connected model rather than chemical disinfection 
because residual chemicals would affect C .albicans growth inside the model. We 
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found that cell growth curve could drop if contamination occurred. This is a good 
marker for identification of potential contamination in the model. We monitored the 
viable cell counting results at each time point. If we found cell numbers at one time 
point was decreased during the log phase of cell growth, contamination surely 
occurred and this test should be terminated. 
4.1.6 Advantages of removing method for C. albicans adherent cells 
Sonication / vortexing method was used to remove C. albicans adherent cells to 
FEP and polyurethane catheter fragments. This method was easy to perform and 
there was no special equipment required. Adherent cells that were washed off from 
the surfaces of catheter fragments could maintain the integrity of cell membrane. 
This ensured RNA stability of adherent cells and made it possible to analyze the ALS 
gene expression. But, for other measurement methods, such as crystal violet staining 
and ATP bioluminescence, reagents are added and permanent damage for cell 
membrane is caused. Cells after staining procedures are not suitable for subsequent 
RNA extraction and gene expression analysis. 
4.1.7 Limitation of removing method for C. albicans adherent cells 
Firstly, rinsing procedures had the potential to wash off part of truly adherent 
cells. Rinsing before sonication was used to wash off planktonic cells. During this 
process, an unpredictable number of adherent cells might be washed off from the 
surfaces of catheter fragments through the shearing force generated by a moving 
liquid-air interface (Gomez-Suarez et al., 2001). After rinsing, sonication / vortexing 
procedures were performed. Then, adherent cells washed off by ultrasound 
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sonication were calculated. The number of cells calculated might be less than those 
adhered to catheter surfaces because an unknown number of adherent cells were 
washed off at rinsing procedures. But, in our study, FEP and polyurethane catheter 
fragments were immersed in 1 ml PBS solutions and rinsed by shaking thrice. The 
effect of moving liquid-air interface could be neglected. The reason was that each 
shaking took as short as two seconds. Few adherent ceUs were detached when the 
velocity ofmoving liquid-air interface was high as well as the contact time was short 
(Gomez-Suarez et al., 2001). 
Secondly, in our study, the sonication / vortexing method was not adequate to 
wash off all the adherent cells if more than 10 CFU of adherent cells existed on the 
surfaces of catheters (data not shown), At mid-log phase (T6) of C. albicans growth, 
the cell number of C.albicans adhered on the surface of catheters was no more than 
106 CFU. The frequency of sonication method (37 kHz) in our study was available 
for washing all the adherent cells. It was proven that, in our study, lower frequency 
of sonication was not adequate for removing more than 105 cells, suggesting 
frequency of < 37 kHz was insufficient. Preliminary tests showed 37 kHz could fit 
for our project. 
We tried to test the adherence of C. albicans at late-log phase (data not shown) 
and failed to wash off all the adherent cells from the surfaces of catheter fragments. 
It was found that more than 106 adherent cells could be washed off after thrice of 
sonication procedures (37 kHz, 3min, 4°C). But cells still existed on the surfaces of 
catheter fragments after sonication, suggesting this frequency was inadequate to 
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wash completely. If the whole adhesion process need to be tested, increasing the 
frequency of sonication is necessary. In this case, another problem whether the high 
frequency of sonication damage the C. albicans cells should be solved first. This is 
still questionable and need to be optimized in the future. 
4.1.8 Limitation of statistical analysis 
hi our study, only 5 experiments were performed, which meant the statistical 
analyses (student t test and one-way ANOVA) were based on a very small sample 
size, Li SPSS software, sample size of 5 was barely adequate to decide whether the 
data set followed the normal distribution. However, statistical power was flawed in 
the circumstance of such small sample size. 
Minimum sample size required could be calculated following the formula 
n = 2(z i_a/2 + Zi_p)2/ A 2，where 
a: Type I error referring probability ofrejecting a true null hypothesis 
P： Type II error referring probability ofnot rejecting a false null hypothesis 
Power = 1 - p: probability that the test will reject a false null hypothesis 
A ： the standardized difference between means of two groups 
Let type I error a = 0.05, type II error p = 0.20，statistical power = 80%, A =0.5 
Thus, 
Zi_- = 1.96,ZH3 = 0.84,n=64 
The minimum sample size required per group should be 64. This number cannot 
be satisfied due to time and resource limitation. 
Moreover, large variation of raw data within each group (F1, P2, F3 and P4) 
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also contributed to the limitation of statistical analysis. 
4.1.9 Primers design 
4.1.9.1 Primers of C albicans ALS gene detection 
C. albicans SC5314 strain is known to contain eight ALS genes in genome 
(Hoyer et aL, 2008). We designed a variety of primers for the eight ALS genes 
(Tablel). In our study, we found that the complete coding sequences ofall ALS genes 
were easily amplified except ALS2 and ALS4, by means of the primers that were 
designed based on the beginning and end of the sequences (Tablel). However, 
amplification of ALS2 and ALS4 was unsuccessful according to this strategy. NCBI 
BLAST (Basic Local Alignment Tool) searching results showed that ALS2 and ALS4 
shared highly similar sequences in 5' and 3'domains, compared to other ALS genes. 
The 5' domains of two genes were relatively conserved in nucleotide sequence. The 
3' domains of them shared more than 95% identical nucleotide sequences. The only 
significant difference ofALS2 and ALS4 was the copy number of 108-bp motif in the 
central tandem repeat domains, ki GenBank database, ALS2 and ASL4 of C. albicans 
SC5314 contained 36 and 30 repeats, respectively. It should be noted that copy 
number variation of 108-bp motifmay still exist in different strains. 
Therefore, it is difficult to design appropriate primers inside their coding 
sequences to differentiate from each other. Preliminary tests also indicated that there 
were too many non specific bands on gels if primers were designed from their 
coding sequences (data not shown). Possible alternative strategy for ALS2 and ALS4 
detection was to design the primers on the upstream and downstream of the coding 
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sequences. Our results (Figure7 and Figure9) indicated this strategy could be helpful 
to ALS2 and ALS4 detection. 
Interestingly, according to the nucleotide sequence positions of ALS2 and ALS4 
primers, the expected PCR products should be 5993bp and 6726bp, respectively 
(Tablel). However, inconsistent results were shown in our PCR tests. The size of 
ALS2 amplified product was between 4072bp and 5000bp. ALS4 product 
corresponded to the 5000bp. The sizes of amplified products were both less than 
their expected PCR products. The possible reasons behind this are as follows: Firstly, 
Candida albicans SC5314 has strain diversity. The coding sequences of ALS2 and 
ALS4 in our study may differ with those in GenBank database. Or, sequence 
variation may exist in the upstream or downstream of ALS2 and ALS4. Secondly, the 
reference genomic map of Candida albicans SC5314 is currently a draft one (Jones 
etal., 2004). Candida albicans has a lot of repetitive sequences in genome and 
current DNA sequencing technology cannot satisfactorily deal with repetitive 
sequences. Software of DNA sequencing machine will not properly assemble 
repetitive sequences. Thus, these repetitive sequences may be assembled at wrong 
sites of genomic map, which caused inconsistent sequence data ofa particular gene. 
ALS2 and ALS4 contained more internal repeated sequences than other ALS genes. 
Their sequences in genomic map maybe contained wrong information about internal 
repeated sequences. In order to solve this problem, subsequent sequencing tests for 
amplified products ofALS2 d^dALS4 are needed. 
In addition, allelic variation is the characteristic of C. albicans ALS genes that 
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was demonstrated by several other studies (Zhang et al., 2003, Zhao et al., 2003, 
Zhao et al., 2007c). In our study, since the size difference of ALS3 small and large 
alleles was big enough, they were both successfully amplified from C. albicans 
genomic DNA using one pair of primers (Figure8). Other gene allelic variation, such 
as ALS5 and ALS9, could not be clearly observed in our study. We tried to design 
primers for ALS5 large allele and ALS9-1 detection but failed to observe them. Only 
ALS5 small allele and ALS9-2 could be detected using conventional PCR. However, 
other studies had already confirmed the existence of ALS5 large allele and ALS9-1 
(Zhao et al., 2003). The inconsistence suggested ALS5 large allele and ALS9-1 might 
not exist in our C. albicans SC5314 strain. 
4.1.9.2 Validation oiALSl real-time primers specificity 
Specificity validation of ALS1 real-time primers was crucial to subsequent 
real-time RT-PCR. This could confirm that there was no cross binding of ALS1 
real-time primers with other ALS genes. In our study, we tested the specificity of 
ALS1 real-time primers using amplified PCR products ofALS genes as the templates. 
It was found that ALS1 real-time primers could only bind to amplified PCR products 
of ALS1 (Figurel5), suggesting the specificity of primers was satisfactory for 
real-time RT-PCR. However, this validation method is less convincing. The better 
way to check the specificity of primers is to run PCR in parallel with the genomic 
DNA of C. albicans SC5314 and ^L*S7-deleted mutant strain as positive control and 
negative control, respectively. Other ALS1 negative Candida species cannot be used 
as negative controls because their genomic backgrounds differ from C. albicans. 
-69-
DISCUSSION 
Specificity of primers is validated if strain is positive result whereas mutant strain is 
negative. This method is more convincing but less practical compared with ours, 
since it is extremely difficult to construct an v4LiS'7-deleted mutant strain. 
4.2 C albicans adhesion to catheters 
C albicans adherence to catheters is a complicated process. In our study, we 
observed that C. albicans adherent cells on the surface of FEP catheters were 
significantly different from those on the polyurethane material. Polyurethane 
material had stronger adhesion to C. albicans SC5314 at T6 under the flow rate of90 
ml / min than FEP material. It suggested that catheter material difference might 
affect the C. albicans adherence to catheters under dynamic circumstances. 
Currently, studies on C. albicans adherence to FEP and polyurethane catheters 
are limited. One study (Tamura et al., 2003) focused on C. albicans adherence to 
urinary catheters rather than intravenous ones. It evaluated the adherence of C. 
albicans and C. parapsilosis to urinary catheters made of latex and silicon materials. 
The latex catheter facilitated adherence more than the silicon catheter. The adherence 
of the C. albicans was significantly greater than C. parapsilosis on latex, but it was 
similar on silicon. Another study (Lopez-Lopez et al., 1991) focused on bacterial 
adherence rather than fungal adherence. It evaluated the adherence of 
Staphylococcus aureus, Staphylococcus epidermidis, Pseudomonas aeruginosa and 
Escherichia coli to catheters made of polyvinyl chloride, silicon latex, FEP, and 
polyurethane. The results showed that bacterial adherence to polyvinyl chloride and 
silicon latex was significantly higher than to FEP and polyurethane for all the strains. 
- 7 0 -
DISCUSSION 
The lowest values of adherence were observed with polyurethane for the 
staphylococci but with FEP for E. coli and P. aeruginosa. 
However, both studies used the static adhesion model to test the microbial 
adherence. We were the first time to compare the adherence of C. albicans to FEP 
and polyurethane catheters under the shearing forces of fluid flows in an in vitro 
dynamic adhesion model. Our results based on the clinical catheter fragments (both 
2cm long, 1.3mm outer diameter) instead of the flat disk were more convincing, 
because the adherence of microorganisms in cyclic surface of clinical catheter 
fragment was different from the flat disk. Information provided by this study was 
more accurate and helpM to physicians. 
4.2.1 Theoretical explanation of C. albicans adhesion to different catheters 
The reasons why FEP catheters are more resistant to the adherence of C. 
albicans than polyurethane catheters may be related to numerous parameters, such as 
biomaterial, yeast strain, culture medium and flow environment. We tested FEP and 
polyurethane materials simultaneously in a particular model. The position difference 
of catheter fragments had been already excluded since there was no significant 
difference between the cell numbers of Fl&F3 as well as P2&P4. Thus, it was 
revealed that surface physical-chemical properties of biomaterials might play a vital 
role in C. albicans adhesion to different catheters. 
It had been shown that the process of C. albicans adhesion contained two stages: 
the primary docking phase and the secondary locking phase (Dunne., 2002). Primary 
phase of adhesion occurred when planktonic microorganisms colonized the 
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biomaterial surface. Second phase of adhesion was the anchoring process that 
microorganisms expressed specific adhesins to bind to biomaterials. 
Primary phase was reversible and microbial adherence between microorganisms 
and abiotic surfaces was generally mediated by the nonspecific physical-chemical 
interaction. In this phase, many physical-chemical forces were involved and 
classified into two types: attractive and repulsive forces. Microbial adhesion is 
determined by the net power of attractive and repulsive forces (Dunne., 2002). 
Hydrophobic force between planktonic microorganisms and abiotic surfaee was 
attractive and played a greater role in it. Hydrophobic forces were determined by two 
aspects: the microbial cell surface hydrophobicity (CSH) and biomaterial surface 
hydrophobicity. An evidence showed the positive correlation between the cell 
surface hydrophobicity and microbial adhesion (Ener & Douglas., 1992). 
Hydrophobicity was indicated as large contact angles and low surface free 
energy (Duncan-Hewitt., 1990). In our study, the water contact angle of FEP was 
110° (Martins., 2004) whereas unmodified polyurethane was 75° (Sidouni et al., 
2001). FEP and polyurethane materials are both hydrophobic. It meant FEP was 
more hydrophobic and had lower surface free energy than polyurethane. 
According to Young's equation ofwater contact angle that measured the surface 
free energy (Young., 1805), an improved formula that theoretically analyzed 
hydrophobic interaction between microorganisms and biomaterials was developed 
(Minagi et al., 1985). It described the mathematical relationship between the 
adherence tendency and the change of interfacial free energy. 
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The change of interfacial free energy in the process of adherence (AGa) was 
given by equation (1): 
AGa = yL (cos 0F - cos 0s) - 2ySL (1) 
Where, 
y : the interfacial free energy between solid surface and liquid; 
yL: the surface free energy of liquid 
0 : the water contact angle of solid surface 
0F: the water contact angle of fungus 
L SL 
It was shown that AGa was determined by the following parameters: y , y， 
0F and 0s. 
T SL S 
In our study, y was fixed parameters, thus, AGa was determined by y , 0 
and 0F. 
The water contact angles of FEP material and polyurethane material were 110° 
and 75°, respectively. The surface free energy of FEP was lower than that of 
polyurethane. 
Cell surface hydrophobicity (CSH) of C. albicans was grown at 37°C in 
medium containing glucose, peptone and yeast extract could express the hydrophilic 
cell wall proteins (Hazen., 1990). In this growth condition, the water contact angle of 
C. albicans was 51.1。，indicating its surfaces were moderately hydrophilic. 
After the above parameters were known, AGaFBP and AGaPolyuret ane could be 
compared based on equation (1). Since cos 0FEP < 0Polyurethane, yFEP < ypolyurethane, hence, 
AGaFEP >AGaPolyurethane. It meant that the change of interfacial free energy in C. 
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albicans adherence to FEP was smaller than that to polyurethane. In other words, 
fewer interfacial free energy were needed when C. albicans adhered to FEP materials. 
Thus the probability of C. albicans adherence to FEP materials was higher. 
It should be noted that the above analysis are only a theoretical explanation. 
The reasons why FEP and polyurethane catheters differently behave in our dynamic 
adhesion model are numerous. At the primary phase of adhesion, electrostatic forces 
and fluid shearing forces are also involved besides the hydrophobic forces. At the 
secondary phase of adhesion, expression of specific adhesins may be unevenly 
induced by different biomaterials. These are all potential factors affecting the 
adherence of C. albicans to catheters. Jn clinical practice, the surface hydrophobicity 
of intravenous catheters can be modified by coating with plasma. Accordingly, the 
adhesion resistance of catheter materials may be affected. We should be cautious 
about extrapolating in vitro data to in vivo situation. 
4.3 C. albicansALS gene expression 
The functions of C albicans ALS genes were related to pathogenesis of 
catheter-related bloodstream infections (CRBSI) caused by C. albicans (Hoyer et al., 
2008), but their expression pattern remains unknown. 
It was found that, ALS1 was the most expressed in planktonic cells rather than 
adherent cells. Our original hypothesis was ALS1 expression level might be 
enhanced in adherent cells. But, the results were opposite to this hypothesis. The 
reasons behind it need to be analyzed. 
Currently, there were few studies on C. albicans ALS gene expression in an in 
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vitro dynamic adhesion model. One study (Yeater et al.’ 2007) tried to use 
quantitative real-time RT-PCR to analyze the ALS gene expression pattern during. 
biofilm development in an in vitro static adhesion model. The result showed that, at 
T6, C. albicans ALS1 expression of planktonic cells was approximately seven-fold 
more than that of adherent cells to silicone elastomer catheters. In our study, 
similarly, planktonic cells had higher ALS1 expression level than both FEP and 
polyurethane catheters, although there was no statistically significant difference of 
ALS1 expression level between FEP and polyurethane. 
4.3.1 Functions ofAls proteins 
4.3.1.1 Adhesive functions 
Since Alslp of C. albicans has similar sequences to a-agglutinin protein oiS. 
cerevisiae, it is hypothesized that Alslp has similar adhesive function ofa-agglutinin 
protein (Hoyer et al., 1995). Subsequent analysis confirmed that Alslp acted as 
adhesin in a model with vascular endothelial cell monolayers (Fu et aL, 2002). 
Recently, more Als proteins, like Als2p, Als4p (Zhao et al., 2005), Als3p (Zhao et aL, 
2004), Als5p (Gaur & Klotz., 1997), Als6p, Als7p (Zhao et aL, 2007b) and Als9p 
(Zhao et aL, 2007a) were proved to be relevant to C. albicans adhesion process. 
4.3.1.2 Other functions in C. albicans pathogenesis 
Apart from adhesive function, recent studies also showed that Als proteins had 
other functions during C.albicans pathogenesis in disease models (Fu et al, 2002, 
Phan et al., 2007, Almeida et al., 2008). 
Currently, non-adhesive fiinctions of Alslp and Als3p had been proven. One 
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study (Fu et aL, 2002) indicated that Alslp mediated C. albicans filamentation 
process and acted as a downstream effector of the EFG1 (positive regulator of 
filamentous growth) pathway. The other two studies (Phan et aL, 2007, Almeida et 
al., 2008) both revealed the non-adhesive functions of Als3p. Phan et al found that 
Als3p could mimic the function ofhuman cadherins and induce host cell endocytosis. 
Almeida et al observed that Als3p was also a mediator for iron acquisition from host 
ferritins. All these findings suggested that Als proteins might have multiple functions 
associated with C. albicans pathogenesis. 
4.3.2 Analysis oiALSl gene expression pattern in the in vitro model 
The switch from non-adherence to adherence in C. albicans was under precise 
transcriptional control by several interactive regulatory pathways, although many of 
them remained unknown. ALS1 gene expression was one of examples. As mentioned 
above (Fu et aL, 2002), Alslp expression was positively controlled by the 
transcription factor Efglp, which was known to be a key regulator of C. albicans 
filamentation. Efglp had been proven to be a component of the cAMP-protein kinase 
A pathway, which was related to the complex regulation of C. albicans yeast-hyphae 
morphogenesis (Fu et aL, 2002). Thus, Alslp expression was not simply functioned 
as an adhesion but acted a downstream effector of regulatory pathway in C. albicans 
morphological transition. In fact, although lack of evidence，it was reasonable that all 
the Als family was involved in the pathway, since a recent study QS[obile et al., 2008) 
clearly shown that Als proteins played a complementary role in C. albicans biofllm 
formation. 
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Therefore, the adhesive and non-adhesive functions of ALS1 should be linked 
together and integratively recognized. Many investigators separately studied ALS1 
functions and focused on one point. However, Alslp was a protein located on the cell 
surface at the filament-blastospore junction. N-terminal domain of Alslp, one of the 
three major domains in protein structure, contained multiple conserved 
anti-parallel-sheet regions that were interposed by extended regions (Sheppard et al., 
2004). In these regions, many hypervariable regions (HVR) were found. These 
HVRs were similar to adhesins or invasins of the immunoglobulin superfamily, 
suggesting that HVRs probably acted as mediators of the interactions of host or 
biomaterial substrates. These interactions could be adhesion, biofllm formation, 
flocculation, filamentation, invasion, etc. In these processes, C. albicans 
yeast-hyphae morphological switch was the common mechanism. 
Alslp was highly expressed in filamentous form of C. albicans (Fu et al., 2002), 
and YPD broth was the neutral solution with a pH of 6.5-7.0, favoring C‘ albicans 
hyphae growth (Calderone., 2002). Therefore, it was true that, at the beginning, 
Alslp was highly expressed in filamentous planktonic cells of suspensions. As time 
went on, a few planktonic C. albicans cells contacted with biomaterial surfaces and 
use yeast-hyphae morphological switch to facilitate better attachment. Once C. 
albicans switched to yeast form, Alslp was lowly expressed. While at the same time 
point, other filamentous planktonic cells still express high level of Alslp. Our study 
and others (Yeaster et al., 2007) both found the consistent results that Alslp 
expression in adherent cells was decreased compared to planktonic cells at T6 in the 
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in vitro model. Interestingly, when the viable cell counts were performed, most of 
adherent cells washed from catheter surfaces were yeast form under the microscope. 
In contrast, many of planktonic cells at T6 were filamentous form under the 
microscope (data not shown). This could indirectly prove the occurrence of C. 
albicans yeast-hyphae morphological switch during adhesion. 
It should be noticed that our study only tested one time point rather than the 
complete biofilm formation process. Thus lower expression of ALS1 in adherent 
cells at T6 could not be representative to the whole biofilm development. In fact, it 
had been akeady found that Alslp was highly expressed in C. albicans biofilm at 
12h (Yeaster et aL, 2007), suggesting that hyphae growth and a matrix of 
extracelluar polymeric substances (EPS) formation inside the structure of C. 
albicans biofilm. It also indicated that Alslp expression patterns dynamically 
changed during the biofilm process. 
4.4 Clinical application of our study 
Apart from benefiting the understanding of C. albicans adhesion and ALS1 gene 
function, our study has other potential applications in clinical medicine. That is, this 
model can help us to evaluate the anti-adhesion functions of various catheter 
materials and even to test the adhesion-resistance abilities of novel catheter 
surface-coatings. 
It is known that the perfect catheter materials should fulfill the following key 
features. First, surface texture can prevent microorganism colonization. Second, they 
are able to tailor the protein adsorption. Third, they should maintain adequate 
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anti-thrombogenicity. Fourth, hydrophilic materials are preferable (An & Friedman.， 
1998). However, it is difficult to design an absolute anti-adhesive catheter material in 
vascular environment due to the complex physical-chemical interactions between 
pathogens and biomaterials in human body. 
There are a variety of intravenous catheter materials commonly used, including 
silicone elastomer (Brown., 1995), FEP polymer of . tetrafIuoroethylene and 
hexafIoropropylene) and polyurethane (Lopez-Lopez et aL, 1991). 
Silicone elastomer has a good biocompatibility, durability and softness, but the 
drawback is high thrombogenicity and low hydrophilicity, suggesting it can be easily 
colonized by microorganisms (Brown., 1995). An in vivo study showed that more 
microorganisms adhered onto silicone catheters than FEP, polyvinylchloride and 
polyurethane materials (Sherertz et al., 1995). 
FEP and polyurethane are both hydrophobic (Merritt & An., 2000). An in vitro 
study showed that FEP and polyurethane both had significantly lower adherence of 
microorganisms than polyvinylchloride and latex (Lopez-Lopez et aL, 1991). FEP 
and polyurethane both have their own characteristics. One study (Hogt et aL, 1985) 
showed that the number of coagulase-negative staphylococci (CNS) adhered on 
human plasma-coated FEP was significantly reduced compared to those on uncoated 
FEP. This indicated that FEP catheter inserted into human veins might have 
decreased adherence to CNS. Polyurethane has a smoother surface and lower 
thrombogenicity than FEP (Hecker & Scandrett., 1985). Patients receiving 
polyurethane peripheral catheters had lower incidence of phlebitis than the FEP 
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group (McKee et al., 1989, Karadag & Gorgulu., 2000). 
Since basic polymers cannot be entirely satisfactory in preventing microbial 
adherence to biomaterials, surface modification is an alternative way (Kohnen & 
Jansen., 2000). There are two types of methods for surface modification. Firstly, 
physicochemical methods are introduced to permanently change material surface 
chemistry properties (e.g., hydrophilic alteration can be resistant to microbial 
adherence). One modified polymers, namely hydrophilic coated polyurethane 
catheter (Hydrocath ) had been successfully employed in clinical use (Tebbs & 
Elliott., 1994). It could reduce bacterial adherence compared to unmodified one. 
Secondly, addition of antimicrobial / antiseptic coating on the surface of the 
conventional catheter materials is another way to prevent or minimize the microbial 
adhesion. Antimicrobial/antiseptic coatings include Chlorhexidine / Silver 
sulfadiazine, Minocycline / Rifampin and Platinum / Silver (Raad et al., 2007). The 
CDC guidelines for the prevention of catheter-related infections strongly recommend 
the use of antimicrobiaVantiseptic impregnated catheters in adult patients requiring 
long-term catheterization (> 5 days) (O'Grady et aL, 2002). 
These newly designed catheter materials or surface-coatings should be carefully 
evaluated under controlled conditions. We may compare them with old catheter 
materials. A cost-effective in vitro model is a necessary device in clinical laboratory. 
Our model is one of such choices. 
4.5 Future study 
Firstly, the in vitro dynamic adhesion model should be optimized to be better 
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suited for long-term working. For this perspective, continuous culture may provide 
valuable results. 
Secondly, more catheter materials commonly used in clinical practice, such as 
antiseptic / antimicrobial coated materials, need to be tested. The novel surface 
coating techniques, including silver-coated and hydrophilic-modified catheters, 
claimed that they can reduce the colonization of microorganisms. We can use this 
model to find out which material has the least microbial adherence. 
Thirdly, ALS gene expression patterns under different time points and 
environmental conditions can be continuously studied. We tested ALS1 expression 
levels of planktonic cells and adherent cells at T6. A complete ALS gene expression 
pattern can also be tested. This may facilitate our understanding of C. albicans 
adhesion process. 
4.6 Conclusion 
In this study, we successfully designed and applied an in vitro dynamic catheter 
adhesion model. This model had been proven to be useful for C. albicans catheter 
adhesion study and shown good flexibility and extensibility for other 
microorganisms. 
Using this model, we found that catheter materials might affect the C. albicans 
adhesion on the surface of catheters. FEP material was more resistant to C. albicans 
adhesion to catheter than polyurethane in the in vitro dynamic catheter adhesion 
model. It was also found that C. albicans ALS1 gene expression in adherent cells 
(FEP and polyurethane catheters) was significantly lower than that in planktonic 
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cells at the mid-log phase (T6), indicating ALS1 may contribute to the C. albicans 
environmental fitness from circulating condition to adhered cells. But, the difference 
of FEP and polyurethane adherent cells in ALS1 expression was not significant, 
suggesting catheter material variation may not significantly affect C. albicans ALS1 
expression of adherent cells at the mid-log phase of cell growth in the in vitro 
dynamic adhesion model. 
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Table2. Measurement of C. albicans cell numbers under different environmental 
conditions at T6 in the in vitro dynamic adhesion model 
Viable Cell Counts (CFU)1 
Experiment ~T ： 
T6 F1 P2 F3 P4 
— ~ 1 4.30xl05 1.80xl04 1.2QxlQ5 6.43xjQ3 4.12xl04 
~ ~ ~ ~ 2 8.53xl0 5~~ 9.68xl03 6.36xjQ4 2.55xjQ3 4.14xlQ4 
3 4.70xl05 1.18xl0 4~~ 3.73xlQ4 1.03xlQ4 3.Q3xlQ4 
4 3.05xl0 5~~ 2.68xl04 3.28xlQ4 9.95xjQ3 8.53xjQ4 
5 5.23xl0 5~~ 5.20xl03 6.25xlQ3 3.53xjQ3 3.48xlQ4 
5.16xl05± 1.43xl04± 5.20xl04± 6.55><103土 4.66><104士 
mean=bS.D.* 2 0 5 x l Q 5 8.37xl0 3 4.31xlQ4 3.56xjQ3 2.21xjQ4 
* mean±S.D. of cell numbers in 5 experiments were calculated, 
j T6: the viable cell count result from 100 i^l of cell suspensions at 6h. 
F1, P2, F3 and P4 represented the viable cell count results of adherent cells on FEP 
catheter at position 1, polyurethane catheter at position 2, FEP catheter at position 3 
and polyufethane catheter at position 4, respectively, following the flow direction 
inside the model. 










































































































































































































































































































































































































































































































































































































Figurel. Schematic diagram ofthe in vitro dynamic adhesion model for C. albicans 
^g; 




/ A \ G / V 一 i 
O C 1 H 1 ！ 
l f F1 P2 F3 P4 |l 
!i
 _ _ _痛 - i - c = ^ i = i ~ j _ _ ^ . 
D 
A. One-liter flask 
B. Silicone tubings with 12-mm diameter 
C. Single-channel peristaltic pump 
D. 50-cm-long glass tube with 12-mm outer diameter 
E. Rubble stopper with one hole 
G. Fluid flow direction inside the model 
H. Magnetic stirrer 
I. 50-cm-long steel wire 
F1. FEP catheter fragment at position 1 (2 cm long, 1.3 mm outer diameter) 
P2. Polyurethane catheter fragment at position 2 (2 cm long, 1.3 mm outer diameter) 
F3. FEP catheter fragment at position 3 (2 cm long, 1.3 mm outer diameter) 
P4. Polyurethane catheter fragment at position 4 (2 cm long, 1.3 mm outer diameter) 
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Figure2. Photo of the in vitro dynamic adhesion model for C. albicans 
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A. One-liter flask 
B. Silicone tubings with 12-mm diameter 
C. Single-channel peristaltic pump 
D. 50-cm-long glass tube with 12-mm outer diameter. Catheter fragments were set 
inside. 
E. Rubble stopper with one hole 
F. Magnetic stirrer 
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Figure4. The column graph of adherent cell numbers on the surfaces of FEP and 
polyurethane catheter fragments in the in vitro dynamic adhesion model (catheter 
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Figure5. The column graph of the average ALS1 RNA copy numbers per cell among 
planktonic cells (T6), adherent cells on FEP and polyurethane catheters 
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Figure6. PCR detection oiALSl gene in C. albicans SC5314 at different annealing 
temperatures (Tm) 
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101Sbp ~ . | 
Lane M: lkb DNA Extension Ladder (Invitrogen, USA); Lane 1: Tm ^ 57°C; Lane 2: 
Tm == 58°C; Lane 3: Tm = 59°C; Lane 4: Tm = 60°C; Lane 5: Negative control using 
distilled water as template (Tm= 60�C). 
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Figure7. PCR detection ofALS2 gene in C. albicans SC5314 at different annealing 
temperatures (Tm) 
M 1 2 3 4 5 6 7 8 9 10 11 
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2036bp 一• 
1636bp — • 
Lane M: lkb DNAExtension Ladder (Invitrogen, USA); Lane 1: Tm = 51�C; Lane 2: 
Tm = 52°C; Lane 3: Tm = 53°C; Lane 4: Tm = 54°C; Lane 5: Tm = 55°C; Lane 6: 
Tm = 56°C; Lane 7: Tm = 57°C; Lane 8: Tm = 58°C; Lane 9: Tm - 59°C; Lane 10: 
Tm = 60°C; Lane ll:Negative control using distilled water as template (Tm = 60°C). 
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Figure8. PCR detection of ALS3 large and small alleles in C. albicans SC5314 at 
different annealing temperatures (Tm) 
M 1 2 3 4 5 6 7 8 9 10 
ttMHMMi 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ i ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ i 
5000bp • 
4072bp 1 • 
- ^ ^ ^ | 2036bp • 
^ • ^ • i ^ H 
__B^ HIHIHIHI^ I^HI 
Lane M: lkb DNA Extension Ladder (Invitrogen, USA); Lane 1: Tm 二 47�C; Lane 2: 
Tm = 48°C; Lane 3: Tm ^ 49°C; Lane 4: Tm = 50°C; Lane 5: Tm 二 51°C; Lane 6: 
Tm = 52°C; Lane 7: Tm = 53°C; Lane 8: Tm = 54°C; Lane 9: Tm - 55°C; Lane 10: 
Negative control using distilled water as template (Tm = 60°C). 
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Figure9. PCR detection oiALS4 gene in C albicans SC5314 at different annealing 
temperatures (Tm) 
M 1 2 3 4 5 6 1 8 9 10 11 
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4072bp ~ I 〜 ^ ^ ^ ^ H 
2036bp 一 • 
1636bp 一 • 
Lane M: lkb DNA Extension Ladder (Invitrogen, USA); Lane 1: Tm = 51�C; Lane 2: 
Tm 二 52°C; Lane 3: Tm = 53°C; Lane 4: Tm = 54°C; Lane 5: Tm = 55°C; Lane 6: 
Tm « 56°C; Lane 7: Tm = 57°C; Lane 8: Tm = 58°C; Lane 9: Tm ^ 59°C; Lane 10: 
Tm = 60°C; Lane 11: Negative control using distilled water as template (Tm 二 60�C). 
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FigurelO. PCR detection of ALS5 small allele in C. albicans SC5314 at different 
annealing temperatures (Tm) 
M 1 2 3 4 5 6 
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r V 
5090bp ^ ~ • 
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30^ *^ OP mmm^mtm I 
2036bp I 
i636bp — j ^ j ^ m m ^ m i n ^ i ^ ^ i ^ i m n i ^ i 
Lane M: lkb DNA Extension Ladder (Invitrogen, USA); Lane 1: Tm 二 56°C; Lane 2: 
Tm = 57°C; Lane 3: Tm = 58°C; Lane 4: Tm = 59°C; Lane 5: Tm 二 60°C; Lane 6: 
Negative control using distilled water as template (Tm = 60°C). 
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Figurell. PCR detection ofALS6 gene in C. albicans SC5314 at different annealing 
temperatures (Tm) 
M 1 2 3 4 5 6 
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^ ¾ ' ^ ¾ & ^ ¾ ^ ¾ ^ - ¾ ^ ^ : ^ a j y ^^^^^^iiii_ 
6iosbp ^ ^ ^ ^ ^ ^ i m i i ^ m ^ i i ^ i 
5090bp ^ ^ m ^ ^ ^ ^ ^ ^ ^ ^ ^ i ^ m ^ ^ m ^ ^ ^ ^ i 
5000bp 1 
4072bp ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H H ^ H 
3054bp ^ » 1 
- • • 1636bp ~ ~ ~ _ 
Lane M: lkb DNA Extension Ladder (Invitrogen, USA); Lane 1: Tm = 56°C; Lane 2: 
Tm =,57°C; Lane 3: Tm = 58°C; Lane 4: Tm ^ 59°C; Lane 5: Tm = 60°C; Lane 6: 
Negative control using distilled water as template (Tm = 60°C). 
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Figurel2. PCR detection ofALS7 gene in C. albicans SC5314 at different annealing 
temperatures (Tm) 
M 1 2 3 4 5 6 1 8 9 
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Lane M: lkb DNA Extension Ladder (Invitrogen, USA); Lane 1: Tm = 48°C; Lane 2: 
Tm = 49°C; Lane 3: Tm 当 50°C; Lane 4: Tm = 51°C; Lane 5: Tm 二 52°C; Lane 6: 
Tm = 53°C; Lane 7: Tm = 54°C; Lane 8: Tm = 55°C; Lane 9: Negative control using 
distilled water as template (Tm = 60°C). 
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Figurel3. PCR detection of ALS9-2 gene in C. albicans SC5314 at different 
annealing temperatures (Tm) 
M 1 2 3 4 5 6 7 8 






^ ^ ^ H 
H m 
Lane M: lkb DNAExtension Ladder (Invitrogen, USA); Lane 1: T m ^ 44�C; Lane 2: 
Tm = 45°C; Lane 3: Tm = 46�C; Lane 4: Tm = 47°C; Lane 5: Tm = 48°C; Lane 6: 
Tm = 49°C; Lane 7: Tm = 50oC; Lane 8: Negative control using distilled water as 
template (Tm = 60°C). 
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Figurel4. Validation of E. coli plasmid containing C. albicans ALS1 
M 1 2 3 m^^mmommmmm^m^m^mQ^ggyg^ m^ [^ ¾^^ ^¾^^ ^^ ^^ ^¾¾^^ ^¾^^ ¾^^ .^ 
u^gK-. ‘. ’. ^ ^^ ¾^^¾¾!^^^ ¾^^^^¾!^^^¾¾^ !^¾^  
^^hHiMfH^^HIHIHHI 
6 _ L ^ ^ ^ i m ^ 
5090bp ^ _ • 
5000bp 一 ^ ^ ^ 9 
4072bp — • 
3054bp — I 
2 0 3 6 b p — • 
1636bp • 
Lane M: lkb DNA Extension Ladder (Livitrogen, USA); Lane 1: Negative control of 
PCR using empty plasmid as template; Lane 2: PCR using plasmid containing ALS1 
as template; Lane 3: Negative control using distilled water as template. 
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Figure 15. Validation ofALSl real-time primers specificity 
M 1 2 3 4 5 6 7 8 9 10 M ::-mgm 
^UI^^^^^^^Bi 
i 2 6 b D ^ = | ^ ^ I P i B — — 
75/65bp 
Lane M: BenchTop pGEM DNA Marker (Promega, USA); Lane 1: PCR using 
amplified product ofALSl as template; Lane 2: PCR using amplified product ofALS2 
as template; Lane 3: PCR using amplified product ofALS3 small allele as template; 
Lane 4: PCR using amplified product of ALS3 large allele as template; Lane 5: PCR 
using amplified product ofALS4 as template; Lane 6: PCR using amplified product of 
ALS5 small allele as template; Lane 7: PCR using amplified product of ALS6 as 
template; Lane 8: PCR using amplified product ofALS7 as template; Lane 9: PCR 
using amplified product of ALS9-2 as template; Lane 10: Negative control using 
distilled water as template. 
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